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PREFACE. 


This  iumd-book  hu  been  prepared  with  a  view  to  give  n.  Mi  expo- 
oilion  of  thepresoQtconilitionof  tlie  several  departments  of  Phj-sica,  uid 
hi  sdapt  them  to  the  lue  of  thoae  ■eminari«a  of  IcamiDg  in  the  United 
Status  In  vhieh  this  Bubjeot  is  taiight,  witlpat  full  zDathcmativ*!  de- 
moDStrMioDi.  Acconic;  of  stalement,  fullaeu  of  illuBtration,  condeeneu 
of  eipreedon,  uid  a  record  of  the  latest  and  most  rehable  progress  of 
Bcienoe  in  theBO  deputracnts,  have  been  the  leadiug  objeels  in  its  pre- 

Onl?  thoao  who  have  attompled  to  hormontzo  and  present  in  dno  pro- 
portion the  irhalo  of  so  vast  a  subject  ss  Uiie,  In  a  compendious  forra,  c*a 
fiiUv  sppreciMe  the  labor  and  diffloullies  wbiob  attend  it. 

Without  elaiining  for  the  present  volume  any  credit  more  than  belongs 
to  a  faithftil  digest  and  compilation  from  the  beet  authorities  in  Diodera 
scieDoo,  it  is  hoped  that  it  will  bo  (bund  suited  to  the  wants  of  a  Isigo 
class  of  both  teachers  and  stndenla.  So  pains  havo  been  wonting  to  secure 
Bocnrac;  both  in  fad  and  mechamatl  execution.  Tbo  poblishDra  hava 
spared  no  eiponso'to  illustrate  the  book  with  a  profusion  of  wood  cuts. 
Many  of  these  ans  original  designs,  or  are  rodnoed  from  larjfer  drawings 
by  photograpby — and  otliers  have  been  selected  with  cam  from  the  best 
standard  stithon.  It  is  needless  (o  recapitulate  the  list  of  authors  whose 
works  have  been  ooniinllod  in  the  preparation  of  the  leit,  since  the  list 
onibmcee  most  of  acknowledged  repute,  both  Earopean  and  American. 
Whenever  it  was  possible,  reference  has  been  had  to  original  memoirs  in 
Joumols  and  Tninaaclions,  and  in  this  way  many  errors  current  in  works 
of  inferior  authority  Lave  been  corrected.  With  but  few  exceptions,  re- 
ferences to  foreign  memoin  have  been  omitted  in  the  text,  as  their  in- 
sertion could  profit  only  a  very  small  number  of  readers,  and  might  seem 
pedantic.  Not  so  with  respci't  Ui  names  of  discoverers  of  important  prin- 
ciples and  phenomena.  A  great  numlwr  of  names  of  these  will  be  found 
in  the  teil,  in  their  proper  places,  and  not  nnfroquently  the  dales  of  birth, 
or  death,  or  both,  are  given. 

Every  teacher  inuxt  have  olnterved,  in  his  awn  experience,  that  an  ab- 
stract principle  is  often  fixed  in  the  memory  by  the  power  of  ossodafMl 
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idem,  when  it  is  oonnectod  with  a  date,  or  item  of  personal  interest, 
as  the  attention  is  awakened  by  the  dramatic,  far  more  than  hy  the  di- 
dactic. Hence  it  has  been  thought  judicious  to  introduce  numerous  im- 
portant dates  in  the  histoiy  of  science. 

The  text  is  printed  in  two  sorts  of  type,  for  the  convenience  of  those 
who  wish  to  review  the  chief  prindples  of  the  science,  with  its  laws, 
omitting  the  Ulnstrations  and  matters  of  secondary  importance.  Thus 
there  are  in  fSust  two  books  in  one.  It  has  not  been  possible  in  all  cases  to 
carry  out  this  system  rigidly,  since,  firom  the  great  pressure  of  important 
Bubjects,  some  have  unavoiably  been  thrown  into  small  t^'pe  which  are 
Btrictly  as  important  as  some  others  in  the  larger  text.  The  laws  are 
nsnally  stated  in  italics.  *' 

It  g^ves  me  great  pleasure  to  acknowledge  many  obligations  to  Prof. 
Chaslxs  H.  Pobtkb,  M.  A.,  M.  D.,  of  Albany,  (some  years  my  assistant,)  for 
his  constant  and  most  important  assistance  in  the  compilation  and  editing  of 
this  book.  Pre-oooupied  as  my  own  time  has  been,  I  should  not  at  times 
have  found  it  possible  to  proceed  without  his  valuable  assistance  and  ex- 
cellent judgment.  Dr.  M.  C.  Whir,  of  this  town,  has  also  rendered  me 
important  aid,  espeoiany  in  Oftiob,  and  in  the  revision  of  the  press. 
•  Should  this  woik  meet  the  demands  said  to  exist  for  such  a  work  as  it 
WM  designed  to  be,  no  care  will  be  wanting  to  render  the  succeeding  edi- 
tions entirely  free  from  any  errors  of  the  press,  or  of  statement,  which 
may  be  discovered  in  this. 

Niw  Havkt,  Comr.,  Oct  16ih,  1858. 
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FIRST  principles: 


NATURAL  PHILOSOPHY  OR  PHYSICS. 


INTRODUCTION. 

].  Our  knowlad(B  of  thamaUriklwoiM  IB  founded  upon  ezpe- 
riiRiM,  or  the  cridcnce  of  our  sensee,  mA  the  conviction  liuit  the 
sftme  causefl  will  ilway s  produce  the  sftme  effects. 

By  oitf  nation  we  become  acquainted  with  those  chinges  in  the 
condition  uid  rel&tioos  of  bodies  whicS  occur  ttpontaneouslj  Id 
the  ordinBTj  course  of  nftture ;  but  the  knowledge  thus  ncquina 
ia  meagre  and  limited  when  compkred  with  the  rssuHa  otasptrir 
menf.  Bj  the  use  of  proper  appantus  we  can  repeat  natmsl 
phenomena  under  raried  conditions,  and,  among  all  the  attendant 
drcunutanccs,  we  can  determine  wbat  are  accidental,  and  what 
are  eesentiaJ  to  anj  gJTen  effect  In  conducting  an  experiment, 
we  arc  taught  to  trace  with  certainty  the  eonneetUm  Ijetween  dif- 
feront  phenomena ;  to  olaasiff  eflbcts  of  the  same  kind  and  ref^ 
them  to  their  common  cause  j  in  fine,  to  deduce  from  many  experi- 
ments the  governing  principle,  or  laa  of  nature,  in  obedience  to 
which  they  are  produced,  and  to  unite  both  facts  and  principles 
into  a  tlnioTy,  or  comprehensive  view  of  the  whole  Sdl^ect  Such 
theories  are  a  fruitful  source  of  new  experiments  and  new  dle- 
coverisa.  By  a  Jodidous  application  of  thnr  established  prind- 
plea,  philosophOTs  have  <rften  predicted  the  results  of  untried 
esperimttitB,  altc^ber  different  from  any  &cta  before  observed. 

I.  Upon  what  ia  oar  knowledge  of  the  material  world  loanded  t 


2  INTRODUCTION. 

When  individual  experience  is  enlarged  by  the  experience  of 
other  inquirers  and  other  times,  and  the  combined  knowledge  of 
many  is  so  arranged  as  to  be  comprehended  by  one^  the  system 
becomes  a  science,  or  philosophy  of  nature.  Because  its  princi- 
ples are  founded  upon  a  comparison  and  analysis  of  facts,  a  sys- 
tem of  this  kind  is  also  called  Inductive  Philosophy. 

2.  The  origin  of  inductive  philosophy  is  entirely  modenv 
Galileo  (bom  in  1564)  was  the  first  to  commence  a  course  of  expe- 
rimental researches ;  and  Bacon  (bom  in  1561)  in  his  immortal 
work.  Novum  Organon,  showed  that  this  was  the  only  road  to 
an  accurate  knowledge  of  nature.  The  ancients  were  ignorant 
of  the  prindples  and  methods  of  inductive  science.  Their  expla- 
nations of  natural  phenomena  were  based  on  assumed  causes,  and 
they  are  therefore  confused  and  contradictory,  and  often  in  di- 
rect opposition  to  experience. 

8.  All  material  bodies  may  be  distxibuted  into  two  classes, 
viz:  inanimate,  or  unorganized;  and  animate,  or  organized. 

Bodies  of  the  first  class,  as  air,  water,  minerals,  &c.,  are  found 
in  all  parts  of  the  earth ;  they  are  not  endowed  with  life ;  they 
have  no  definite  or  periodical  duration ;  and  they  arc  acted  o& 
only  by  forces  external  to  themselves. 

Organized  bodies  are  individuals,  made  up  of  many  different 
organs,  each  of  which  is  adapted  to  discharge  its  own  proper 
fbnctions.  They  are  not  everywhere  the  same,  but  different 
9peeies  belong  to  different  countries.  By  an  innate  and  peculiar 
power,  called  vitality,  they  change  inanimate  bodies  into  their 
own  structure,  and  thus  increase  in  bulk,  and  provide  a  succes- 
sion of  individuals  like  themselves.  After  a  life  of  definite  dur»- 
tioD,  they  die,  and  their  structures  dissolve  again  into  the  inani- 
mate bodies  out  of  which  they  grew.  They  are  subject  to  the 
general  laws  of  matter,  but  these  laws  are  often  modified,  and 
sometimes  directly  opposed  by  the  action  of  that  unknown  power 
which  we  call  the  principle  of  l\fe.  The  description  of  organ- 
ized bodies  constitutes  the  science  of  Natural  History. 

4.  Tonatnnl  philosophy,  or  phjndcs,  belongs  the  inquiry  into 
those  general  properties  of  unorganized  bodies  which  we  can  see, 
touch,  sod  weigh ;  into  the  changes  which  take  place  among 
them,  the  causes  of  those  changes,  and  their  laws.     It  investi- 


8.  Into  what  claaset  may  all  material  bodies  be  distributed  T 
What  it  said  of  onorgaDiced  bodies  f  What  of  organised  f  What  it 
Hstaral  Hittoiy  t    4.  What  subjeeU  of  inquiry  belong  to  Phytictt 
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gfttM  also  the  proptrties  uid  hwi  of  certain  hypothetical  fluids 
or  forces,  which  are  without  perceptible  weight,  and  the  other  pro- 
perttea  of  ordinary  matter ;  these  fluids  or  forces  produce  the 
phenomena  of  Heat,  Light,  Electricity,  and  Uagnetisin. 

ITie  phenomena  of  Physics  haye  thia  common  characteristic ; 
they  do  ru}t  result  from  changes  in  the  nature  and  constitution 
of  bodies.  It  is  in  this  that  they  differ  from  the  phenomena 
which  belong  to  the  domain  of  chemistry. 

All  the  phenomena  of  Physics  are  dependent  on  a  limited 
number  of  general  laws  of  which  they  are  the  necessary  conse- 
ijuenceg.  However  Tsrious  and  complex  may  be  the  phenomena, 
their  laws  are  few,  and  diattnguished  for  their  exceeding  eiropli- 
city.  All  of  them  may  be  represented  by  numbers  and  alge- 
braic aymbols,  and  these  condenEed  formulte,  enable  us  to 
conduct  investtgationB  with  the  certainty  and  precision  of  pure 
mathematics.  As  in  geometry,  all  the  properties  of  figures  are 
deduced  from  a  few  axioms  and  definitions ;  so  when  the 
general  laws  of  Physics  are  known,  we  may  deduce  ftvm 
tikem,  by  a  aerioa  of  rigorous  reasoning,  all  the  phenomena  to 
which  they  give  rise.  The  most  insigniflcent  and  the  most 
gigantic  effects,  sometimes  dissimilar  and  contradictory  in  ap- 
pearance, are  often  produced  by  die  operation  of  one  and  the 
same  law. 

For  example,  the  law  of  grrttitation,  the  demonstration  of 
which  has  conferred  immortal  ftmo  upon  Newton,  its  discorra^r, 
tfl  literally  univereal  in  its  influence.  It  pervades  every  atom, 
rules  alike  the  motions  of  animate  and  inanimate  beings,  and  b 
as  sensible  in  the  gentle  descent  of  the  rain-drop  as  in  the  tas 
rent  of  Niagara,  or  the  crash  of  the  avalanche.  To  the  subtle 
and  invisible  air  it  gives  the  pressure  of  fifteen  pounds  upon 
every  square  inch  of  surface,  and  to  the  ocean  its  tax  greater 
and  almorit  incredible  weight;  and,  at  the  same  time,  it  causes 
the  ship  to  ride  the  surfocc  of  the  one,  and  the  feather,  or  bal- 
loon to  rise,  and  the  clouds  to  float  buoyantly  through  the  other. 
By  it  the  lofty  structures  of  man's  erection,  and  the  mountains, 
the  mightier  architecture  of  nature,  are  retained  imiDorahly  on 
their  foundations. 

Its  influence  transcends  the  narrow  limits  of  our  earth, 
and  ascending  the  heavens,  it  not  only  binds  satellites  to  their 
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planets,  and  planets  to  the  sun  in  unchangeable  orbits,  but  it 
connects  sun  with  sun  throughout  the  whole  extent  of  crea- 
tion, and  is  hurrying  our  solar  system  with  inconceiTable 
swiftness,  through  an  orbit  whose  period  and  centre  are  meas- 
ureless and  unknown.  It  causes  the  disturbances  as  well  as  the 
ord^  of  nature ;  since  every  tremor,  which  the  planets  excite  in 
each  other  by  their  mutual  attraction,  changing  as  their  distance 
changes,  is  immediately  transmitted  to  the  furthest  limits  of  the 
system,  in  oscillations,  whose  periods  correspond  to  their  niighty 
cause. 

Like  other  natural  laws,  the  law  of  gravitation  interprets 
itself;  its  operations  furnish  the  means  of  testing  and  yen- 
fying  its  own  truth.  Le  Yerrier^s  masterly  analysis  of  the  per- 
turbations of  Uranus,  a  planet  eighteen  hundred  millions  of  ndles 
from  the  sun,  enabled  him  to  calculate  and  predict  not  merely 
the  existence,  but  the  mass,  period,  and  position  of  a  new  planet, 
which  no  mortal  eye  had  ever  recognized,  and  which  revolved 
about  the  sun  at  almost  twice  the  distance  of  Uranus.  The  con- 
firmation of  a  prediction  so  magnificent,  while  it  gave  to  the  law  of 
gravitation  the  stamp  of  undeniable  truth,  seemed  to  confer 
upon  the  intellect  of  man  an  almost  divine  grasp. 

6.  The  general  laws  and  properties  of  matter  are  not  only 
in  themselves  attractive  and  objects  of  profound  interest,  but  a 
knowledge  of  them  is  a  preliminary  and  essential  step  to  the 
study  of  every  other  department  of  science ;  an  acquaintance 
with  them  is  of  practical  value  for  everyday  business  and  house- 
hold uses.  No  art  or  trade  can  be  conducted  without  constant 
reference  to  the  principles  of  Physics.  Its  facts  are  drawn  from 
the  experience  of  ordinary  life,  connected  into  a  more  orderly 
and  scientific  arrangement  Its  methods  of  research  are  identi- 
cal with  those  employed  by  thinking  men  in  every  calling ;  and 
its  principles  are  the  principles  of  common  sense. 

What  is  said  of  gravitation!     Give  the  illastrations  named  in  the 
text    5.  What  value  have  the  general  laws  of  matter  f 
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THB  PHYSICS  OF  PONDERABLE  BODIES. 
General  PrepertUt  ef  MatUr. 

0.  Mtttar. — Our  Mnses  bear  teetimony  to  the  existence  of 
HMttar  in  «  maimer  too  emphatic  and  self-evident  to  admit  of  dii- 
cuBsion.     Hatter  is  either  simple  or  compound. 

1.  Bbaftanta. — Elements,  or  simple  substances,  are  those  which 
hare  resisted  all  attempts  by  chemical  or  ather  means  to  reduce 
them  to  more  simple  fbrms ;  for  example^  gold  and  other  metals, 
carbon,  sulphur  and  phosphorous  are  such  substances. 

According  to  our  present  knowledge  there  are  62  elements, 
but  it  is  not  at  all  improbable  tbat  the  number  may  increase  or 
diminish  as  our  means  of  analysis  and  decomposition  are  enlarged. 

8.  Ootnpoanda. — Compounds  are  combinations  of  two  or  more 
elements  with  each  other.  Although  the  number  of  elements  is 
oomparatirely  small,  jet  the  compounds  which  may  result  from 
their  combination  with  e*di  other  are  innumerable. 

9.  IndeatmotlUUty  of  matter. — Human  agency  can  cause  the 
atoms  of  matter  to  pass  from  one  state,  or  combination,  into 
another ;  but  to  destroy  them,  requires  the  same  infinite  power 
which  called  them  into  existence.  The  various  forms  of  matter 
may  be  ground  to  powder  or  dissipated  in  vapor ;  animaU  and 
Tegetables  may  die  and  be  decomposed,  their  particles  may  return 
to  the  common  earth  or  float  invisible  in  the  air,  but  they  are  not 
lost,  they  enter  into  an  infinite  series  of  new  combinations  and 
reappear  in  other  forms  of  beauty  and  life.  In  the  ceaselen 
roimd  of  change,  the  ultimate  atoms  alone  remain  unchanged 
and  undestroyed. 

10.  Atoms. — The  ultbnate  constitution  of  matter  has  ^vided 
the  opinions  of  philosophers  from  the  earliest  period  of  sdeace. 
Two  hypotheses  have  prevailed ;  the  one,  that  matter  is  composed 
of  irregular  particles  without  fixed  size  or  weight,  and  divisible 
without  limit ;  the  other,  that  "  nutter  is  formed  of  solid,  massy. 
Impenetrable,  movable  particles,  so  hard  as  ticrvar  to  wear  or 

B.  Whatiaiatdofmatterl  7.  WhataraelemeDUl  Give uamplaa. 
i.  What  ii  Mid  of  conipoaDdi  t  B.  Can  the  atom  of  matter  be  ds- 
(treysd,  or  only  enter  uito  new  combinalisnir  Id.  What  two  hy- 
pothHea  havB  prevailed  in  regard  to  the  ultimaia  oonititution  of 
■natter t 
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break  in  pieces,"  (Newton,)  and  which,  being  whollj  indivisible, 
have  a  certain  d^niU  size,  figure  and  weight,  whidi  they  retain 
unchangeably  through  all  their  various  oombinationa.  These 
ultimate  and  unchangeable  particles  are  called  atoms,  (meaning 
that  which  cannot  be  subdivided,)  or  molecules,  (little  masses.) 

It  is  evident  that  experiment  cannot  decide  between  these  rival 
suppositions,  for  the  ultimate  particles  are  far  too  small  to  be 
visible  by  any  means  which  human  ingenuity  has  yet  been  able 
to  devise,  and  they  will  probably  never  come  within  the  limits  of 
our  direct  perceptions. 

When  we  have  reduced  a  mass  of  matter  to  the  finest  impalpable 
powder,  we  have  made  no  real  approach  towards  finding  its  con- 
stituent atoms ;  its  minutest  particles  have  the  same  physical 
characters  as  the  mass  firom  which  they  were  derived,  and  of 
which  each  is  a  miniature  likeness.  Ehrenbcrg,  ailer  exhausting 
the  resources  of  mechanical  contrivance  in  pulverizing  marble, 
found  that  its  smallest  particles  were  still  transparent  rhomboids, 
with  angles  as  perfect  as  in  the  finest  crystals  of  calcareous  spar. 

11.  Form  of  atoms. — Two  views  are  now  entertained  by  phi- 
losophers as  to  the  form  of  atoms.  The  first  theory  supposes 
that  the  crystalline  form  of  a  body,  (or  the  form  from  which  it 
was  derived,)  is  that  of  its  ultimate  atoms ;  for  example,  a  body 
crystallizing  in  cubes  must,  by  this  assumption,  be  formed  of 
atoms  which  are  themselves  cubes ;  a  body  crystallizing  in  rhom- 
bohedrons  is  formed  of  atoms  which  are  themselves  rhombo- 
hedrons,  and  so  on  for  the  atoms  of  other  crystalline  forms; 
this  view  certainly  gives  an  easy  explanation  of  the  crystalline 
form  of  simple  substances,  but  there  are  certain  objections  to  it 
which  prevent  its  adoption.  It  does  not  explain  amorphism, 
(bodies  destitute  of  all  traces  of  crystalline  form  are  called  amor- 
phous,) nor  dimorphism,  (bodies  crystallizing  in  two  distinct 
fbrms  are  dimorphous.) 

The  second  theory,  brought  forward  by  D.  Wollaston  in  1824, 
but  more  fiilly  developed  by  M.  Ampere,  supposes  each  ulti- 
mate atom  to  be  a  sphere  possessed  of  certain  forces  of 
polarity  which  tend  to  produce  the  various  forms  which  crys- 
tallited  bodies  assume.  We  can  easily  see  how  8  spheres 
placed  together  might  form  a  cube,  4  to  form  the  base  and  4  im- 
mediately above.  By  a  similar  mode  of  arrangement  of  particles, 
aU  the  crystalline  forms,  complicated  as  they  may  be,  can  be  pro- 


U.  What  art  the  two  views  of  the  forms  of  atoms?     Examples. 
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<fau»il  QtmI  probabili^  attadMB  to  tfais  viaw ;  we  know  Ow 
«ph«re  to  be  the  umplMt  fonn  of  mktter;  it  U  that  Ibrm  wbjdl 
bodies  mMome  whea  left  more  cotnplel«lj  to  tbemMlTM. 

The  rsin  drop  (alliog  from  the  eload,  tha  melted  lead  from  the 
tower,  cash  u«ame  the  form  at  gpherei  before  rebelling  the  grooDil ; 
the  eeleetiel  bodies,  it  will  be  remembered,  kleo  ipproKh  thie  form. 

Although  this  theory  bils  to  explain  whj  the  atmna  ct  dif- 
fer^it  elonents  when  aggregated  shoutd  anvige  themadTca  in 
peculiar  cTTstalline  Ibnns,  jet  bj  it  amorphiam  maj  be  explained, 
in  that  the  substance  beiag  in  a  Tiscous  conditioo,  the  atoms 
were  not  free  to  obey  the  forces  of  polaritj ;  or  that  the  safaelanc« 
In  a  melted  state,  or  in  solution,  soUdii^^g  quicklj,  the  particlea 
did  not  have  time  to  arrange  themselves  in  regular  order,  bat 
clustered  together  without  symmetrj'.  Dimorphiam  might  occur 
when,  because  of  different  temperature  or  fiora  some  otiier  caaaa, 
the  forces  that  attract  the  atoms  to  each  other  change  thdr  pod- 
tioQ,  thus  causing  the  atoms  to  come  farther  to  form  crystals 
difl^nt  from  Uiose  usually  produced 

13.  Magnitnde  td  atomN. — A  moment's  reflection  make*  it 
evident  that  the  size  of  the  ultimate  atoms  of  matter  must  be 
immeasurably  small  The  sunbeam  discloses  countless  minute 
particles  of  dust  floating  in  the  air  of  the  most  silent  chamber. 
The  perfiune  of  a  violet  soon  fills  a  large  apartment  with  its  deli- 
cious odor.  A  portion  of  its  material  substance  thus  givee  evi- 
dence to  the  senses  of  smell  of  its  diOusion  through  a  great 
space  in  particles  immeasurably  email,  and  still  the  flower  has 
loet  neither  form  nor  appreciable  weight  Nerertheleaa  these  are 
not  the  ultimate  particles  (atoms)  of  matter,  but  are  definite 
chemical  compounds  consisting  of  several  elements. 

IS.  MTMirra  Divmiax  bt  mbctiasical  ixd  cuivirAL  MKiiti. — Let  ni, 
in  order  to  obtain  a  more  preuiie  idea  of  ihe  woederful  divieibility  of 
nutter,  refer  to  wime  eaaes  of  division  by  mKhanical  and  ehemieal 
inunL  A  bar  of  lilver  may  be  gilded  and  then  drawn  into  wire  so  fine 
tbat  the  gold,  eoveriog  afoot  of  each  thread,  weight  len  than  (^f 
of  a  grain.     An  in«h,  conUining  ^j,^',,  of  a  grain,  may  be  dividd 

llow  it  amorpbiHn  and  dimorphiam  explained  by  the  seeoad  the- 
ory 1  12.  What  i>  Mid  of  ihe  nLigailude  of  atomil  IS,  Give  ei- 
emplea  of  the  diviiibility  of  nuttier  in  the  (iiver  wire,  in  Dr.  Wol- 
laatoa'*  plated  wirr,  &«. 
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into  100  equal  parts  disiinctly  visible,  and  each  eontainiog^^^^_^ 
of  It  grain  of  gold.  Under  a  microscope  magnifying  500  tinMB,  «M3iof 
these  minnte  pieces  may  be  again  subdivided  600  times,  each  sabdiTis- 
ion  having  to  the  eye  the  same  apparent  magnitude  as  before,  and 
the  gold  on  each,  with  its  original  lustre,  color,  and  chemical  proper- 
ties unchanged,  represents  ^.^^^.f^^^^^  parte  of  the  ordinal 
quantity. 

Dr.  Wollaston,  by  a  very  ingenious  device,  obtained  platinum  win 
for  file  micrometers  of  telescopes,  measuring  only  ^^X^^^  of  an  ineh 
in  diameter.  Though  platinum  is  the  heaviest  of  known  bodies,  a 
mile  of  such  wire  would  weigh  only  a  grain,  and  160  strands  of  it 
would  together  form  a  thread  only  as  thick  as  a  filament  of  raw  silk. 

A  grain  of  copper  dissolved  in  nitric  acid,  to  which  is  afterwards 
added  water  of  ammonia,  will  give  a  decided  blue  color  to  892  eubie 
inches  of  water.  Now  each  cubic  inch  of  the  water  may  be  divided 
into  a  million  particles,  each  distinctly  visible  under  the  microscope, 
and  therefore  the  grain  of  copper  must  have  been  divided  into  89S 
million  parts. 

One  hundred  cubic  inches  of  a  solution  of  common  salt  will  be  ren- 
dered milky  by  a  cube  of  silver,  0*001  of  an  inch  on  each  side,  disaolr* 
ed  in  nitric  acid,  and  the  magnitude  of  each  particle  of  silver  thus 
represento  the  one  hundred  billionth  part  of  an  inch  in  size.  To  aid 
the  student  in  forming  an  adequate  conception  of  so  vast  a  number 
as  a  billion,  it  may  be  added  that  to  count  a  billion  from  a  clock  beat> 
ing  seconds,  would  require  81  *678  years  continuous  counting,  day  and 
night 

14.  MiKirrK  division  in  tbb  animal  and  vegrablk  kingdoms. — 
The  blood  of  animals  is  not  a  uniform  red  liquid,'  as  it  appears  to 
the  naked  eye,  but  consiste  of  a  transparent  colorless  flaid,  in  which 
float  an  innumerable  multitude  of  red  corpuscles,  which  in  animals 
that  suckle  their  young,  are  flat  circular  discs,  doubly  concave,  like 
the  spectacle  glasses  of  near-sighted  persons.  In  man,  the  diameter 
of  these  corpuscles  is  the  8,600th  of  an  inch,  and  in  the  musk-deer, 
only  the  12,000th  of  an  inch,  and  therefore  a  drop  of  human  blood, 
such  as  would  remain  suspended  from  the  point  of  a  cambric  needle, 
will  contain  about  8,000,000  of  corpuscles,  and  about  120,000,000 
might  float  in  a  similar  drop  drawn  from  the  musk-deer. 

But  these  instances  of  the  divisibility  of  matter  are  far  surpassed 
hy  the  minuteness  of  animalcules,  for  whose  natural  history  we  are 
indebted  chiefly  to  the  researches  of  the  renowned  Prussian  naturalist, 
Ehrenberg.  lie  has  shown  that  there  are  many  species  of  these 
ereatures,  so   small  that  millions  together  would  not  equal    tbe 

Give  examples  from  copper  and  silver.     14.  What  are  the  blood 
corpuscles  ana  their  size  in  different  animals  f 
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bulk  of  a  gnia  of  und,  *ail  thouiandH  might  tiriQi  at  anae  throngb 
llie  «je  of  a  neadle.  Theie  infinitMimal  animali  ara  ai  w«ll  adi^tod 
to  life  as  Uie  l*rgeit  beoala,  and  (heir  motiona  ditpta;  all  the  pha- 
nomena  of  life,  Huse  and  iDBtioct.  Vhnic  Bctions  are  not  fluid  and 
fortuitoiu,  but  ar«  cvidentlj  goTsroad  by  choioe,  and  directed  to 
gratify  tbeir  appetttea  and  UToid  tba  daogara  of  tbeir  mimic  world. 
Tli«  waten  of  tba  globe  (and  lometimes  Ibe  atmotphers)  averyvhare 
■re  populoui  witb  them,  to  an  extent  beyond  the  pover  of  figurei  to 
eipreai,  or  tbe  imagination  to  eoneeiTe  tbeir  numben.  Iheir  lili- 
cion*  ikeletODi  are  foQnd  in  a  fouil  state,  forming  the  entire  nuuM  of 
rocky  strata,  many  featiu  thioknen  and  bundreda  of  square  tnilea  in 
extent  Tbe  smooth  slate  near  BilJn,  in  Bohemia,  contains  in  eTery 
eubic  inch  about  41,000  millions  of  thece  animale.  Sinee  a  eubiaincli 
of  Ibia  slate  veighs  130  grains,  there  most  be  in  a  singls  grain  1B7  mill- 
ions of  abeletoas,  and  one  of  tbem  would  therefore  weigh  about  tJie 
one  181  millionth  of  a  grain.  Hie  city  of  Richmond,  Va.,  has  been 
ehoirn  by  Prot  Bailey  to  rest  on  ■  similar  deposit  of  ailEcious  animal- 
cntee,  of  exquisite  form.  Like  larger  animela,  these  animalcnlea  are 
fiirnubed  vith  organs  of  digestion  and  reproduction,  and  ■  complex 
circnlaling  lyslem,  whose  blood  corposclea  are  proportioned  to  the 
veeaeti  through  which  they  flow.  It  is  impoeaible  to  form  a  concep- 
tion oftbe  minute  dimeniiona  of  these  organio  struotures,  and  yet  each 
•eparate  organ  of  every  animalcule  is  a  compound  of  seversl  organic 
substances,  each  in  its  tarn  comprising  numberleaa  atoms  of  carbon, 
oxygen  and  hydrogen.  It  is  plwn  from  these  example*,  that  the  ac- 
tual magnitude  of  (he  ultimate  noleculei  of  any  body  is  aometbing 
completely  beyond  the  reach  equally  of  our  seosee  toperaeivs,  or  of 
our  iotelleeU  to  comprehend. 

15.  Wolgfat  of  atoms. — As  we  can  form  no  precise  idea  of  the 
absolute  size  of  atoms,  neither  can  we  of  their  absolute  weight. 
But  modem  chemistry  has  revealed  to  us  with  certainty  the  r«la- 
the  Ktight  of  the  atoms  of  the  different  elemeats.  All  chemical 
compounds  have  a  certaio  definit«  constitution ;  that  is,  the 
sarno  compound  is  always  formed  of  the  same  elements,  and  fn 
the  Komc  proportion. 

Water,  for  example,  is  always  formed  by  weight  of  1  partbydro- 
gen  and  B  part*  osygeo. 

When  a  compound  is  formed,  it  ia  supposed  that  one  atom  of 
one  element  unites  with  one  atom  of  another,  or  the  union  takes 

if  atoms  t    What  of  the  dif- 
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place  in  spnfie  other  simple  proportion  as  1  to  2,  S  to  8,  Ac. ;  this 
m^od  of  comhination  being  the  simplest  we  oan  eonoeire  o£ 

Water,  then,  ia  composed  of  1  atom  of  hydrogen  «nd  1  Atom  of 
-oxygen;  hut  in  water  the  weight  of  the  oxygen  is  8  times  mm  great 
at  the  weight  of  the  hydrogen ;  therefore  the  weight  of  the  oxygen 
atom  must  be  8  times  as  great  as  the  weight  of  the  hydrogen  atom. 

Chemists  have  ascertained  the  proportions  by  weight  in  whidi 
the  yarious  elements  combine  among  thcmselyes,  and  these  pro- 
portions are  the  atomic  weights  of  the  elements. 

Id.  Xiawi  of  oomhination. — ^The  combination  of  different  de- 
ments with  each  other  is  regulated  by  Axed  laws.  These  laws 
an  Ibur  in  number  and  every  chemical  combination  is  made  in 
aooordanee  with  them. 

a.  Imvd  o/d^niteproportum, — In  every  chemical  combination 
the  nature  and  proportion  of  its  constituent  elements  are  fixed, 
definite  and  invariable. 

For  example :  100  parts  of  pare  water,  however  produced,  contain 
11*11  parts  hydrogen,  and  88'89  parts  oxygen.  Again,  common  salt 
ia  always  composed  in  100  parts,  of  23*17  parts  of  the  metal  sodium, 
and  60*48  parts  chlorine ;  if  now  we  should  mingle  these  elements 
in  any  other  proportion  than  those  Just  stated,  the  excess  of  one  or 
the  other  would  i*emain  free  and  uncombined. 

b.  Law  qf  multiple  proportions, — This  law  requires  that 
when  two  bodies  unite  in  more  proportions  than  one,  these  {nto- 
portions  bear  some  simple  relation  to  each  other,  as  1  to  1,  1 
to  2,  Ac, 

'  For  example:  1  part  by  weight  of  hydrogen  combines  with  8 
parts  of  oxygen  and  forms  water ;  1  part  of  hydrogen  also  eom- 
bines  with  16  parts  of  oxygen  and  forms  binoxyd  of  hydrogen; 
these  proportions  of  oxygen  with  hydrogen,  it  will  be  observed, 
bear  Uie  simple  relation  to  each  other  of  1  to  1  and  1  to  2. 

In  the  same  manner  we  may  have  a  series  of  compounds,  as 
for  instance  those  of  nitrogen  with  oxygen,  in  which  the  relation 
of  the  atoms  of  the  former  is  to  the  latter  asltol,  lto2,  Ito 


How  do  the  atoms  of  different  elements  unite  among  themselves  7 
What  are  the  atomic  weighuofthe  elements?  16.  What  are  the 
laws  of  ehemieal  combination  f  Tlieir  number  f  What  is  the  law  of 
definite  proportion  t  Example.  What  is  the  law  of  multiple  pro- 
portions f    ttnmple. 
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S,  1  to  4^  Mid  1  to  6.  Agun  we  nuj  b»ve  other  sericB  of  eom- 
poonda  in  wiuth  th«  reUtion,  though  similai^  in  not  quite  so 
simple ;  as  S  to  8,  2  to  G,  >nd  2  to  T. 

o.  Law  of  tquizalvnt  proportiiMU. — According  to  Ihia  law, 

when  K  body  A,  unites  with  other  bodies  B,  O,  D,  the  propor- 

.  tions  in  which  B,  O  and  D,  unite  with  A,  represent  in  numben 

the  proportionH  in  which  they  will  unite  among  thetnselTes,  io 

cue  such  union  takee  place. 

For  example:  take  oxygen,  (this  element  nniliiig  with  all  othen, 
with  the  exception  of  flaorine,]  B  parte  of  oxygen  unite  with  I  of 
hydrogen,  S  of  carbon,  le  of  enlphnr,  SB  of  iron,  lOOof  mercury,  fte. 

Hie  numbers  attached  to  the  elements,  representing  the  propor- 
tioDB  in  which  they  will  unite  wiUi  each  other,  are  otlled  their 
»gnualettt$,  becane  they  represent  quantities  which  are  ezactiy 
capable  of  replacing  each  other  in  combination. 

For  exanpla:  if  we  have  ■  eompoand  of  100  of  mercury  and  S 
of  oxygen,  the  100  of  merenry  can  be  replaced  by  2%  of  iron,  IB  of 
ulphnr,  Stc,  and  alio  the  IB  of  aolphnr  will  neita  with  2B  of  iron, 
and  eo  for  other  elemsnU. 

d.  Lau  qf  combining  number  of  eompovnit. — According  to 
this  law  the  combining  proportion  of  a  compound  body  is  the 
sum  of  the  combining  weights  of  its  several  elements.  It  has 
juBt  been  shown  that  the  equivalents  of  the  several  elements  are 
their  combining  proportions,  and  it  follows  as  a  neceMaiy  result, 
that  the  proportion  in  which  a  compomid  will  unite  with  another 
body,  or  its  combining  Dumber,  is  the  sum  of  the  oquivalenti  of 
its  constituents. 

For  example:  we  wiih  to  know  the  combining  proportion  ofialphn- 
rio  acid  ;  eulphnrie  acid  ia  eompoeed  of  I  atom  of  lalphnr,  whou 
equivalent  ie  IB,  and  S  aiomi  of  oxygen,  whoee  equivalent  it  (8 
timet  8)  S4.  34  and  IS  eqeala  40.  40  it  Hie  eomUniug  nambar, 
or,  1  eqaivaleat  of  luli^nt  and  3  cqaivalenU  of  oxygen,  tliat  it  of 
■nlphoria  acid,  and  the  uambti  40  it  the  proportioa  in  wbieh  enl- 
phnric  acid  will  unite  with  other  bodiu. 

anotherl     What  it 
_     _  jtropartietl     Kxample     What  it  meant  by 

•qnivaraoUl  ^Gxarnpla.  What  ii  the  law  of  the  combining  nember 
of  <iNn|ioaodi1     Wiiat  it  tk»  combining  Dumber  of  tulphar^e  acid  t 
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Tke  General  Properties  qf  Matter. 

17.  The  physical  properties  of  bodies  are  those  eirtenud  signs 
by  which  we  recognize  their  existence.     They  divide  themselTSS 
into  two  classes.     The  essential  or  principal^  and  the  tktti  cririfii 
tial  or  accessory.    The  former  are  common  to  all  bodies,  and 
inseparable  from  them.     They  are  the  proper  and  only  tests  of 
materiality.     Where  their  presence  is  not  evident  to  the  senses, 
or  cannot  be  proved  to  exist,  there  matter  does  npt  exist     Thus, 
it  is  essential  to  the  existence  of  every  form  of  matter  that  it 
occupy  a  certain  space,  that  no  other  body  occupy  the  same 
spaoa  at  the  same  time,  and  that  it  offer  a  certain  resistance  to 
motion,  which  we  call  weight     In  physics  these  three  properties 
are  named  magnitude^  impenetrahilityy  and  gravity. 

1.  .Essential  Properties, 

18.  Blagnitade  is  observed  to  belong  to  all  bodies  which  are 
not  so  minute  as  to  elude  the  senses,  and  to  such  it  may  be  traced 
by  the  reason.  We  cannot  conceive  of  the  existence  of  any  par- 
ticle of  matter  so  minute  as  not  to  occupy  space. 

Magnitude  has  three  dimensions ;  length,  breadth,  and  thick- 
ness. Its  external  limits  are  lines  and  surfaces.  Lines  are  meas- 
ured by  linear  inches,  feet,  miles,  &c  Length  and  breadth 
combined,  form  a  surface,  whose  area  is  measured  by  square 
inches,  feet,  miles,  &,c  The  quantity  of  space  occupied  by  a 
body,  called  in  common  language  its  size,  is  correctly  termed  its 
volume  ;  and  its  measurement  is  expressed  in  cubic  inches,  feet, 
miles,  &c. 

19.  Impenetrability  causes  matter  to  occupy  a  certain  space  to 
the  exclusion  of  all  other  matter.  It  is  evident  that  two  masses 
of  lead,  wood,  or  any  other  solid  substance,  cannot  fill  the  same 
space  at  the  same  time.  There  are  many  instances  of  apparent 
penetration ;  but  in  all  these  cases,  tlie  parts  of  the  body  which 
seem  to  be  penetrated,  are  only  displaced. 

When  a  nail  is  driven  into  wood,  the  particles  of  wood  are  not 
divided,  but  thrust  aside.  A  bullet  dropped  into  a  cup  of  water 
displaces  an  amount  of  the  fluid  equal  to  its  bulk.     Air,  which  offers 

17.  How  may  the  physical  properties  of  bodies  be  classified  t  18. 
What  are  the  dimensions  of  iii.ignitude  t  IIow  are  they  measured  f 
19.  Wh&t  is  said  of  impenetrability  ? 
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no  p«N«ptible  ntutanee  to  oor  bodici  whsn  valking  throngh  i^  u 
really  u  inptnatnbl*  m  lolida.  If  *d  fDvert«d  tumbler  u  lunk 
into  vatar,  Qi«  liquid  will  not  fill  th«  apparently  void  apace,  !>•• 
canee  it  ia  alrwdy  lull  of  air.  An  important  application  of  tbk 
property  of  air  ia  aeen  in  tbe  cJiring-belL 

SO.  Qi>Tltf  is  the  tendency  of  bodies  to  approach  the  earth 
and  its  centre.  All  bodies,  when  not  supported,  fall  to  the  earth's 
sur&ce ;  and,  if  prevented  from  Uling,  thej  exert  a  pressure 
that  is  the  meaaure  of  their  gravity,  and  which  is  called  wraght 
This  is  one  of  the  most  important  properties  of  matter,  and 
the  cause  of  many  phenomena  which  will  be  fiJly  ezplained  in 
succeeding  chapters. 

8.  NonrEueatial  Prop&rtiet. 

31.  Nfm  aMamtfal  rrnrirtl—  Beddea  tha  proparttoa  already 
explained  which  belong  to  every  individual  atom,  there  are  Other 
properties,  common  to  all  aggregatt  forms  of  matter,  which  are 
called  non-essentiai,  because  we  can  conceive  of  the  existence  of 
matter  without  them.  They  are  divisibility,  compressibility,  ex- 
pansibility, porosity,  elasticity,  and  inertia.  There  is  another 
group  of  properties  of  endless  variety,  which  are  found  in  some 
bodies  and  not  in  others,  or  in  extremely  diSerent  degrees  in 
different  bodies,  and  which  therefore  distinguish  the  tpeeie*  of 
nMtterand  may  be  called  specific ;  such  are  ductility,  tenacity, 
color,  the  attractive  power  of  the  lodo-stone,  Jtc  They  will  be 
explained  in  their  appropriate  place. 

23.  DtvlafbUlty. — All  bodies  may  be  divided  into  smaller  parts, 
similar  to  each  other  and  to  the  entire  mass,  and  these  may  be  again 
disintegrated,  until  the  particles  become  so  minute  as  to  elude  our 
senses  and  our  instruments.  In  the  arts,  the  division  of  matter  is 
carried  to  an  eitent  which  would  be  incrediblu,  if  it  were  not  of 
daily  occurrence,  and  capable  of  proof  by  direct  experiment 

S3.  BiqwuialMaty,  and  oomprMifbUlty. — The  same  bodies  do 
not  always  have  the  same  volume,  but  they  may  be  made  to  fill 
a  greater  or  less  space  without  in  either  instance  altering  the 
qunntity  of  matter  they  contain.  Both  those  changes  may  bt. 
produced  in  many  bodies  by  mechanical  means,  and  in  alt  bodies 
th<:y  iiivBjiubly  result  fhim  the  action  of  heat. 

Eianiplu  of  apparent  penetration.  SO.  What  it  gravityt  21. 
^VIintCBiii^a  the  Duii-eiwentialpropertieaof  matter  I  22.  What  ii  laid 
of  diviiibility  I     S3.  Vlhai  U  Uie  volume  of  tiodia  t 
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Wires  by  which  heiTf  weights  are  nupcnd^d  sra  wnriblj  If 
creMed  in  length.  The  Tolnias'or  blank  eoiu  am]  nadala  u  diida- 
iiligd  by  the  itroke  of  the  dir.  ^tone  wall*  an  acMfblj-  aflaetcd  ia 
their  dimeDsioni  by  the  d&ily  changes  of  axtenal  (empsratiire. 

24.  Porodty. — Since  the  ktoniB  of  matter  an  always  tha  Bam^ 
we  can  explain  the  compression  and  expansion  oT  bodies  only  by 
gupposing  that  their  atoms  are  not  in  immediate  contact,  but  an 
separated  by  intcrsticoB,  which  enlarge  or  diminish  as  tha  toI- 
ume  of  the  body  changes.  These  interBticefi  are  called  (phygical) 
porei,  and  in  this  sense  poroaily  is  a  general  property  of  matter. 
In  common  language,  however,  wo  understand  by  the  term  porc^ 
an  interstice  Urge  enough  to  admit  the  pass^ia  of  liquids  and 
gases.  This  second  and  restricted  species  of  porosity,  sensible 
porosity,  is  not  a  general  property  of  matter,  but  accidental,  and 
belongs  particularly  to  certain  Bolids.  The  moUenlar  or  physical 
pores  of  bodies  are  permeable  only  to  heat,  light  and  electricity. 
Almost  kU  animal  and  vegetable  substances  present  pores  which 
are  easily  penetrated  by  fluids. 

Petrifaction!  are  produced  by  the  iiifiltratioo  of  mineral  anb- 
•tancee  through  the  poree  of  the  body. 

Many  uinerali  and  Itrata  of  rocliB  are  porani,  and  the  object  of 
plowing  and  other  timilsr  mechanical  operations  of  agriculture  is  to 
increase  the  natural  porosity  of  the  soil. 

The  metal*  ate  not  equally  porous ;  but  still  they  are  pennoable 
to  liquids  and  gaies  under  groat  preMure.  In  IB6I,  the  Aeadetni- 
cisns  at  Florence  filled  a  gold  aphere  with  water,  and  alter  eloaiDg 
it  bermetically,  diminished  its  capacity  by  pressure;  tha  water 
traversed  the  porsa  of  the  gold  and  appeared  in  the  form  of  dew  on 
the  exterior  surface. 

Fkraday  found  it  impossible  lo  make  a  vessel  tight  to  hydrogen 
gaa  even  under  moderate  preasurs. 

95.  Relation  of  poroxlty  to  weight  and  density. — The  atonut 
of  different  cIcmecitM  are  ]>rohably  of  uncijual  weights,  and  are 
placed  at  variable  dixtaiiccs  in  different  bodies ;  it  results  from 
these  circuniMtances  tlmt  bodies  of  the  mdic  rotuuie  have  not 
the  same  weight.  Tlic  weight  of  a  lioily  if  always  proportional 
to  its  fH'iM;  in  other  wurdit,  to  the  nuiiilicr  of  material  particloa 


Give  examplM  of  the  change  of  volume  »f  bodie*  I  it.  What  is 
tuil  of  porusity  t  Of  phvsical  and  senaible  jHiroaity  t  Kxaniples 
illustratt^  [lorosity.  ■ib'  Vihal  is  the  leliitiou  of  the  wriylil  of  a 
budy  to  itsiiisM  ! 
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it  oontuns ;  Hid  the  ma$t  of  >  Bubctauce  is  greater  M  the  po- 
mity  U  less. 

"Hie  Wright  ^a  body  is  bIho  proportional  to  its  denaity,  which 
expnosM  the  relation  of  the  nuMsee  when  the  volomefl  are 
eqiuL  Of  eeveral  bodies  of  eqoiJ  volumes,  that  which  has 
the  gTMtest  DMM  la  said  to  be  most  dtnu,  and  therefore  haa  the 
graatMt  weight  or  pwritj.  As  density  iDcreasee,  the  pores 
become  fewer  and  smaller;  when  they  are  equally  distributed,  a 
body  la  nU  to  be  im\forml]f  dense. 

A  moaparison  of  dansHiea  affords  a  constant,  ^tc\fle  char- 
acter ta  distinguish  different  substances.  The  standard  of 
comparison  is  watw;  and  the  number  expressing  the  den- 
sity, or  $pee{/U  gravitj/  of  a  body  indicates,  theTefor«,*%ow 
much  more  or  leas  heary  that  body  is  than  an  equal  volume 
of  wator.  Tbis  important  subject  will  be  fidly  explained  here- 
aJUr. 

S6.  Tn»ttkitf  is  that  property  of  bodies  which  causes  them  to 
resume  their  fbrm  and  dimensions  on  the  removal  of  any  force 
by  which  they  have  been  bent  or  compreaaed.  This  property  is 
found  in  a  high  degree  in  many  bo^ee,  and  there  are  none  abso- 
lutely without  IL  The  limit  as  well  as  degree  of  elasticity  is 
very  rarious.  If  a  force  is  applied  exceeding  the  limit  of  elasti- 
city, the  substance  is  rither  torn,  or  it  does  nQt  again  recover  its 
original  form  and  volume.  A  deecriptioo  of  the  modiflcatioos  of 
this  properly  belongs  to  the  history  of  the  subatanccs  which  dis- 
play them. 

87.  Ziurtla  or  InaoUvUy.— No  particle  of  matter  possia'vefl 
within  itself  the  p«>wer  of  changing  its  existing  state  of  motion 
or  resL  Matter  baa  no  spontaneous  tendency  nther  for  rest  or 
motion,  but  is  equally  susceptible  to  each,  according  as  it  may 
be  acted  oo  by  an  external  cause.  If  a  body  is  at  rest,  a  force 
is  neoeeary  to  put  it  in  motion ;  and  convarsely,  it  cannot  change 
from  motion  to  rest  without  the  agency  of  some  forces  A  body 
once  put  in  motion,  will  continae  that  motion  in  an  unchanging 
direction  with  unchanging  velocity,  until  its  course  is  arrested 
by  eztemat  causes.     This  passive  property  of  matter  is  called 

When  we  are  told  that  a  body  at  rest  will  forever  remain  so, 
unless  it  rec«ve<  an  impulse  from  some  external  power,  the  mind 

To  ill  d«nutf  I  That  i*  mnnt  by  ■pceifie  gravity!  it,  VTUat 
la  eleotrioily  t    31.     What  i«  inertia  f 
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at  once  assents  to  a  statement  which  embodies  the  results  of  o\ 
constant  experience.  But  it  requires  some  reflection  in  one  wh 
for  the  first  time  considers  the  subject,  to  admit  that  bodies  h 
motion  will  continue  to  move  forever  unless  arrested  by  eztenial 
forces.  Careless  observation  seems  to  contradict  the  assertion. 
On  the  earth^s  surface  we  know  of  no  motion  which  does  not 
require  force  to  maintain  as  well  as  produce  it. 

We  may  observe,  however,  that  all  such  moving  bodies  meet 
with  constant  obstruction  from  three  forces,  inction,  gravitj  and 
the  resistance  of  the  air ;  and  that  as  one  or  all  of  these  maj  be 
diminished,  the  motion  becomes  prolonged  and  continuous.  Be- 
sides we  have  familiar  instances  of  a  tendency  to  continue  in 
a  state  of  motion. 

Tiie  wheel  of  an  engine  continue*  to  revolve  alter  the  impelling 
force  has  ceased  ;  a  ball  will  roll  longer  and  further  as  the  sarfaee  on 
which  it  rolls  is  nmde  smoother.  When  a  pail  of  water  is  rapidly 
rotated  and  suddenly  set  down,  the  vessel  itself  is  at  that  instant 
brought  to  a  state  of  rest,  but  the  mobility  of  the  water  allows  it  to 
continue  the  motion  in  its  original  direction,  and  it  is  spilled  in  eon- 
sequence  of  its  inertia. 

Tlie  planets  furnish  the  only  example  of  constant  and  nnresiated 
motion.  These  celestial  bodie?,  removed  from  all  the  easnal  resit- 
tances  and  obstructions  which  disturb  our  experiments  at  the  earth*s 
surface,  roll  on  in  their  appointed  orbits  with  faultless  regularity, 
and  preserve  unchanged  the  direction  and  velocity  of  the  motion 
which  they  received  at  their  creation. 

28.  Inertia  proportional  to  quantity  of  matter* — The  inertia 
of  a  body  is  proportional  to  its  quantity  of  matter,  and  therefore 
the  greater  the  ma.ss  on  which  a  force  acts,  the  greater  will  be 
the  resistance  to  either  acquiring  motion  or  parting  with  it. 
Motion  may  be  continued  in  a  heavy  body  with  a  fraction  of  the 
force  necessary  to  begin  it 

A  horse  draws  with  comparative  ea<»e  a  load  which  at  first  be  had 
hardly  strength  to  move. 

Time  is  also  re<|uircd  to  ovi-rroniL'  inertia. 


What  are  the  obstructions  to  motion  ?  (iivt*  t'X.'iinpIcii  i>f  ii  ten- 
dency to  continue  in  motion.  26.  Whut  in  said  of  the  quuutily  of 
matter  affeeung  inertia  ? 
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L  A  bullet  ttirowD  b;  Qu  luuid  will  ifaatter  ■  puie  of  gliu,  bnt  ihot 

froH  B  rifle,  it  will  pan  throagh  -witliont  tnttating  it,  bseauM  tbcrs 

A  wa*  not  (nffioisDt  tune  for  the  motion  of  the  bnllet  to  be  oommnni- 
'  eated  lo  anj  put  of  tlieglM*  except  that  wbichvM  immedimtel;  be- 
fore iL  A  talloir  candle  diieharged  from  a  gtio  will  pan  through 
a  board.  A  imalDMurof  wood.Mapeiided  atii*  codiby  two  thread*, 
may  be  broken  by  a  (oddeD  blow  in  the  middle  withMt  ruptDring 
the  thread*.  If  a  eoin  b«  placed  on  a  card  on  the  top  of  a  imall 
bottle,  or  aimilar  aopport,  a  sodden  impnlee,  aa  a  anap  from  the 
thumb  and   finger  will  remove  the  c«rd,  leaTiog  the  coin  nndia- 

Inertia  is  the  basis  of  the  whole  Vbeorj  of  force  and  motion, 
and  is  the  most  important  general  property  of  matter. 

Pkyiieal  F^ea. 

29.  DefinlUon  ot  loro*. — Since  matter  is  in  itself  inert,  and  in- 
capable of  spontaneously  changing  its  conation,  we  are  obliged 
to  assign  the  constant  changes  which  we  observe  in  its  relations 
to  the  action  of  some  cause  bcluded  under  the  general  name  of 
FoRCB.  The  ide*  of /•HVtf  is  abatract,  and  like  fiumber,  tpatt, 
limt,  Ac,  must  be  referred  to  the  experience  or  consciousness  of 
each  incKTidual.  It  ia  difficult  and  perhaps  unnecessary,  if  not 
imposuble,  to  give  a  saUsbctoiy  definition  of  anj  of  them. 

Force  is  the  name  of  the  unknown  cause  of  a  known  effect 
We  know  of  the  existence  of  such  causes  onlf  hj  their  effects, 
which  alwajs  appear  m  connection  with  something  material,  and 
may  therefore  b«  recognised  by  our  senses-  We  can  inveitigate 
the  laws  of  the  motions  and  equilibrium  of  forces,  but  their  ori- 
gin, though  perceived  to  be  various,  is  beyond  our  comprehen- 
sion. They  are  powers  conferred  upon  matter  by  the  will  of  the 
Creator,  to  maintwn  the  order  of  the  world. 

80.  Varieties  of  force, — Of  the  forces  which  act  upon  bodies, 
some  are  accidental  and  intermittent,  as  the  agency  of  human 
^d  animal  strength,  and  the  contrivances  of  machinery;  others 
act  continually  upon  every  kind  of  matter,  and  are  inseparable 
from  iL  To  the  latter  class  beloi^  the  universal  forces  of  attrac- 
tion and  repuluon. 

The  approach  and  retreat  of  bodies,  and  of  their  component 
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parts,  is  the  basis  of  all  the  results  produoed  by  phyBicil  forces. 
The  attraction  of  matter  manifests  itself  under  all  curcimiBtaiioei. 
It  is  called  universal  gravitation^  gravity^  and  molecular  attrm- 
tion^  according  as  it  is  displayed  among  celestial  bodies,  among 
terrestrial  bodies,  or  between  the  contiguous  particles  of  n»tttr. 
Because  gravitation  exerts  its  influence  through  a  wide  ezteot, 
and  acts  at  sensible  distances,  it  is  also  called  an  external  foroe. 
in  distinction  from  molecular  attraction,  which,  acting  only  upoo 
the  constituent  atoms  of  bodies,  and  at  insensible  distances,  mar 
be  called  an  i/j^^r/iaZ  force. 

31.  Molecular  attraction. — If  the  ultimate  atoms  of  matter 
possessed  no  property  in  relation  to  each  other  except  their  mu- 
tual impenetrability,  the  world  would  be  like  a  mass  of  sand, 
without  variety  of  state  or  form.  Atoms,  when  placed  in  con- 
tact, would  neither  adhere,  as  in  solids,  nor  repel  each  other,  as  in 
gases.  We  find,  however,  that  the  particles  of  solids  cannot  be 
separated  without  the  exertion  of  considerable  force,  and  the 
effort  is  so  strongly  resisted  in  the  metals,  for  example,  that  it 
is  much  easier  to  move  the  whole  mass,  than  to  divide  it.  Goo- 
sequently  there  must  be  a  force  which  holds  together  the  parti- 
cles of  solid  bodies  in  fixed  relative  positions,  and  imparts  to 
them  an  internal  structure  and  an  external  form.  It  is  assumed 
that  this  force  is  the  mutual  attraction  of  atoms,  and  when  it  is 
exerted  in  uniting  the  component  particles  of  the  %ame  body,  it 
is  distinguished  by  the  name  of  coh€»i/>n, 

82.  Ctoheiion. — The  cohesive  attraction  of  particles  in  contact 
is  an  effort  of  the  same  kind  as  the  mutual  approach  of  particles 
at  a  distance.  The  same  influence  which  causes  two  distant 
bodies  to  approach,  will  hold  them  together  when  they  are  united, 
and  resist  their  separation.  The  attractive  force  which  manifests 
itself  at  the  immense  distances  between  the  celestial  bodies,  and 
which,  at  very  much  smaller  distances,  produces  the  weight  and 
mutual  attractions  of  bodies  at  the  earth's  surface,  aught  equally 
to  display  itself  at  all  possible  distances,  however  small  they 
may  be. 

Probably  the  attraction  of  masses  is  only  the  resultant  of  the 
partial  attractions  of  the  atoms  which  compose  them ;  or  in  other 
words  both  gravitation  and  colu^sion  arc  related  effects  of  the 
same  universal  cause.  We  know  that  the  atoms  of  different  ele- 
ments are  of  different  dimensions  and  forms,  some  Vieing  sphe- 


Sl.  What  is  of  laid  molecular  attraction  \    82.  What  of  cohesion  t 
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licftl,  while  othen  tie  Bpberoidkl  or  elli^ioidiL  Again,  all  bo- 
dies may  b«  reduced  in  bulk  hj  cold  and  preaaure,  their  atoms 
■  ■am  neter  in  actual  contact,  and  the  intervals  between  them, 
though  imparcepdble  to  our  senses,  are  probably  veiy  lai^  when 
compared  with  the  bulk  of  the  atoms  themselvee.  If  then, 
as  we  may  reasonably  assume,  molecular  attraction  and  graiita- 
tion  are  effects  of  the  same  cause,  they  must  obey  the  same  laws, 
and  the  intensity  of  the  cohesion  of  atoms  will  vary  in  the  direct 
ratio  of  their  quantity  of  matter,  and  in  the  inrerse  ratio  of  the 
•quare  of  their  distance 

The  variations  of  molecular  attraction,  acting  according  to  the 
■bore  law  on  atoms  of  different  forms  and  dimensions,  and  placed 
at  Tery  Tariable  distances  in  different  elementary  and  compound 
bodies,  are  sufficient  to  account  for  all  the  modifications  of  cohe- 
■ire  energy  which  are  obserred  to  exist 

S3.  Thm  naanm  et  oohaalon  In  solldi  is  the  force  required  to 
change  their  form  by  flexion  or  fk«ctura  If  this  force  were  not 
powerful  enough  to  resist  the  efforts<of  graritation,  solids  would 
bll  to  pieces  by  the  weight  of  their  particles.  In  obedience  to 
coheaiTe  attraction,  the  movable  particles  of  fluids  are  drawn 
around  their  common  centre,  and  form  little  spheres,  as  drops  of 
dew  and  falling  rain. 

For  tbe  sama  reaaoa,  mercury  poured  upon  paper,  eotlecta  in 
■mall  globules  in  oppcwitian  to  tbe  gravity  of  iU  particle* ;  &nd  liquid 
Uad,  pourad  tbnnigh  the  maihe*  of  a  lieve.  bib  through  tbe  air  in 
a  melallio  ihoTBr,  whose  dropi  lolidify  in  ihot  daring  their  descent. 

84.  Adhwdon  is  the  name  given  to  molecular  attraction,  when 
It  manifests  itself  in  the  adherence  of  surfaces  placed  in  very 
dose  contact  It  occun  between  tbe  surfiu^es  of  the  same  and 
different  bodies,  and  between  solids,  liquids,  and  gases.  Ita  phe- 
nomena, especially  those  of  capillarity,  wilt  be  diacuased  in  sub- 
sequent chapters. 

Btrietly  tpeaking,  there  ii  no  phenomenon  of  adhesion  as  distinct 
from  eobeeion ;  for  in  the  cue  of  two  plstei  of  polished  glass,  united 
by  a  film  of  oil,  it  is  in  reality  the  force  of  cohesion  betweeti  the 
particles  of  the  oil  which  holds  tbe  plates  together.  Certain  sob- 
■laoeea  are  wet  by  water,  wbila  certain  others  sre  wet  by  oil,  owing 

Vbat  is  said  of  graviUlion  and  eoheaioii  t  Wbat  of  tbe  oontwit  of 
■tonisf  SS.  What  is  said  of  the  cohesion  of  solidil  Examples 
of  eobosion  in  lipoids.    M.  What  is  adhasion  1 
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to  a  species  of  attraetion  between  the  mrfiieea  of  the  solidi  aad 
flaids  respectively.  ^  When,  as  in  the  example  eited,  *lw^  wetki^ 
occurs,  the  so  called  force  of  adhesion  is  manifested.  Tins  ght 
serrea  to  unite  unlike  subeianoes,  but  the  nnioD  is  doe  to  tl|.e  cofce 
sion  in  the  particles  of  glue,  and  not  to  any  attimetioB  between  tibi 
heterogeneous  subetanceSb 

85.  Ohemioal  affinity. — ^When  molecular  attraction  is  eanrtod 
between  the  atoms  of  different  elements,  it  displays  remarkabk 
energy,  and  forms  "compound  bodies,  which  possess  no  poropotf 
in  common  with  their  constituents,  except  their  combined  graritj. 

When  nitric  acid  is  poured  upon  copper,  intense  aetion  foDovs 
with  the  evolution  of  fuming  vapors ;  after  the  acticm  haa  nnsiiil. 
the  acid  and  metal  have  disappeared,  and  in  their  plaee  will  bs 
found  a  beautiful  deep  blue  salt,  whose  weight  and  that  of  the  Tapois 
will  be  equal  to  the  combined  weights  of  the  acid  and  copper.  Ths 
blue  salt  is  entirely  different  from  either  of  its  ingredient^  but  if  a 
slip  of  clean  iron  is  dipped  into  a  solution  of  it,  the  oopper  will  bs 
precipitated  upon  the  iron  with  all  its  characterisUo  propertiea 


86.  Molecular  repulsion. — If  a  definite  volume  of  air  is  ad- 
mitted into  a  vacuum  of  twice  that  ampacity,  it  does  not^  like  a 
solid  or  liquid  body,  retain  its  original  volume,  but  expands  and 
fills  the  whole  empty  space.  The  same  will  happen  whatever 
may  be  the  relative  volume  of  the  air  and  the  vacuum ;  in  erery 
case  the  particles  of  the  air  will  be  uniformly  distributed  throogfa- 
out  the  whole  void.  Since  an  external  force  is  necessary  to  bold 
together  the  particles  of  gaseous  bodies  like  air,  there  must  be  a 
force  which  acts  repulsively  among  their  particles ;  and  the  same 
force  offers  a  resistance  when  their  particles  are  brought  together 
by  mechanical  pressure.  A  similar  resistance  to  compressloq  is 
dispUyed  ui  liquid  and  solid  bodies.  Liquids  can  scarcely  be 
compressed  at  all,  and  they  regain  their  volume  when  the  pres- 
sure is  removed ;  the  same  property  is  exhibited  by  all  solids  in 
variable  degrees  of  intensity. 

37.  ZUastio  force  of  heat — ^Thc  mutual  repulsion  found  to  pre- 
vail among  the  constituent  atoms  of  bodies  is  assumed  to  be  due 
to  the  elMtie/arce  of  heat.  It  is  certain  that  the  energy  of  this 
repulsion  is  increased  or  diminished  as  heat  is  imparted  to  bodies 
or  withdrawn  irom  thcoL     Heat  produces  the  same  phenomena 


What  of  ita  identity  with  cohesion  f      85.    What  is   chemical 
affinity.    Example.    86.  What  is  said  of  molecular  repulsion  t 


PHOFIBTnU    or   MATIBB.  tl 

u  mechuiical  compression  uid  azpftnstoB,  but  id  s  bi^er  degree. 
Since  the  kccomuktion  of  he«t  otuses  the  %U)mB  of  bodies  to  aep- 
ftnte.  Mid  its  reraOTkl  ckuses  them  to  kppnwch  e*ch  other,  it  miut 
be  admitted  that  whatever  maj  be  the  nature  of  heat,  it  acts  u  a 
repulaiTS  taret.  Its  repaJsiTe  energy  vs  manifested  onlj  at  rer; 
ainall  distances,  and  between  particlMof  the  same  body.  If  we 
sitppom  that  the  atoms  of  bodies  are  each  surrounded  bjr  a  highly 
dastie  atmosphere  of  heat,  which  modifies  the  attraction  of  the 
molecules,  we  shall  be  able  to  understand  hof  the  atti^ctive  and 
repulaiTe  forces  proceed  from  a  common  centre,  and  to  account 
lor  all  the  obserred  phenomena,  with  which  this  hypothe«s 
perfectly  agrees. 

S6.  Phyidoal  atatas  of  matter. — Matter  is  presented  to  us  in 
three  physical  slates  or  conditions,  namely :  the  solid,  Uquid  and 
peoous,  (nriform  or  vaporous.)  We  are  familiar  with  many 
substances  which  assume  the  solid  and  liquid  conditions ;  most 
of  the  metals,  for  example,  in  their  ordinary  state  solid,  become 
liquid  (melted)  when  heated.  Certain  bodies  assume  either 
<f  the  three  state*.  Water,  for  example,  liquid  at  the  ordinary 
temperature^  becomes  solid  ^c«)  by  cold,  and  vaporous  (steam) 
by  heat  And  it  is  the  same  with  many  elements.  Sulphur, 
for  instance,  a  solid,  by  the  application  of  heat,  becomes 
first  liquid  and  upon  a  continuance  of  the  heat  passes  off  as 
rapor.  Some  metals  which  require  the  highest  temperature  of 
our  blast  fUmacee  to  melt,  and  others  which  even  that  heat  is  not 
sufficient  to  dispose  them  to  relinquish  the  solid  state,  when  sub- 
mitted to  the  action  of  the  oiyhydrogen  blow-pipe  or  to  the  heat 
obtained  from  the  electric  pile,  immediately  liquify,  and  in  a  little 
time  vaporise.  Of  the  first  class  may  be  mentioned  iron ;  of 
the  secood,  [^inum. 

As  solids  can  be  made  to  assume  the  liquid  and  gaseous  fbrm, 
so  inversely  can  most  gases  be  converted  into  liquids  and  solids 
by  means  of  intense  cold  and  great  pressure.  Submitted  to  their 
action,  carbonic  acid,  a  colorless  gas,  becomes  a  dear  liquid  re- 
sembling water,  and  this  liquid  allowed  partially  to  evaporate, 
abstracts  so  much  heat  tntn  the  remaining  portion  that  the 
latter  becomes  solidified ;  this  solid  carbonic  add  bears  an  exact 
resemblanca  to  snow. 

at.  What  ii  laid  of  theelulia  roreeofheaCf  Howii  heat  known 
to  be  a  repnluve  force  I  Ha  What  are  the  three  phjiieil  atatct  of 
■latter  I  kention  esamplea  of  bodies  wbieh  mav  be  made  to  u>uma 
the  three  itatsi  I     What  is  (aid  of  aarboaia  acid  I 
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39.  Relations  between  ottraotioD  and  repaUon. — ^These  SS' 
ferent  states  of  aggregation  result  from  the  definite  reUtion* 
under  which  molecular  attraction  and  repulsion  establish  their 
equilibrium.  The  excess  of  the  attracthre  or  of  the  repulfiire 
ftorce  will  determine  whether  a  body  is  solid  or  gaseous,  whOe 
an  equality  of  both  forces  produces  a  liquid.  Let  A  represeiit 
the  attractive  and  R  the  repulsive  force,  then  the  three  aggn^ 
gate  conditions  of  matter  may  be  expressed  by  the  foUowin; 
iormul»: 

A>R,  solid 
A<R,  gas 
A=R,  liquid 

In  gaseous  bodies  the  particles  of  matter  are  more  remote  from 
each  other  than  in  liquids  and  solids,  and  they  show  a  constant 
tendency  to  separate.  In  liquids,  the  particles  approach  sufB- 
dently  near  to  produce  equilibrium  between  the  attractive  and 
repulsive  forces,  but  not  near  enough  to  modify  either  force  by 
the  influence  of  their  fonn.  The  particles  are  at  fixed  distances 
in  relation  to  each  other,  and  being  similarly  attracted  on  every 
side»  they  possess  perfect  mobility,  and  offer  great  resistance  to 
pressure.  The  distances  between  the  particles  of  solids  are  still 
less,  and  their  relative  positions  are  fixed  The  structure  of 
solids  is  various,  because  at  such  small  distances,  the  energy  of 
the  mutual  attraction  of  their  atoms  depends  upon  their  form 
and  dimensions,  and  is  modified  by  the  sides  they  present  to  each 
other  during  their  aggregation. 

These  three  conditions  of  matter  may  for  the  most  part  be 
distinguished  by  their  external  peculiarities.  They  arc  not, 
however,  separated  by  distinct  lines  of  division,  but  intermedi- 
ate conditions  are  found  in  infinite  variety,  corresponding  to  the 
various  limits  at  which  the  two  contending  forces  are  balanced 
These  conditions  may  be  seen  in  the  fusion  of  metallic  and  other 
substances,  passing  from  hardness  to  toughness,  viscidity,  &c.,  to 
perfect  fluidity  and  oven  to  vapor. 

Modified  Hcsulfn  of  Cohesion. 

40.  Modified  results  of  cohesion.— The  various  degrees  of 
ooheiiTe  attraction  in  solids  give  rise  to  peculiar  properties  in 

89.  What  are  the  relationt  of  attraction  and  repultion  in  the 
three  fonnt  of  matter  divided  by  di«tinot  lines  f 
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some  of  them,  or  to  pecnliar  modiflcations  of  general  properties, 
HDong  whidi  the  following  roaj  be  distinguiabed ;  hu'dness, 
brittleness,  nwlleobiUty,  ductility,  and  elssticitjr. 

41.  Rardaan  has  DO  relation  to  density,  or  the  number  offtr- 
tieltn  within  a  given  epace,  but  depends  only  on  the  mutual  ar- 
rw^Kemuit  of  tile  particles  and  the  degree  of  their  oofaeBiom. 

The  melali  may  be  teratched  by  glaai,  which  ii  fat  ligbur  than 
most  of  them,  ana  aiooog  metals,  deniity  i«  not'connaated  with 
reUtJTe  hardeew.  Allaj-a  ^re  often  harder  than  either  of  their 
comtitnert*,  and  some  nietal*,  aa  steel,  may  have  their  hardneia 
modified  by  heat  at  pleaeiire.  The  following  table  giTei  the  scale  of 
hardness  used  by  minsralogista,  cannoeDning  with  lale,  the  aofteat 
oryitalline  solid,  and  ending  with  dtttmomi,  which  ia 


it  cQl*  all  other  bodies,  bnt  k 


>t  he  cut  by  any  but 


B«f. 

De,. 

S 
8 

4 
D 

Floor  spar. . 
Apatite.     .     . 

1 
8 
9 
10 

Feldspar.    . 
Qnartt     .    . 
Topax.    .    . 
Sapphire.      . 
Wamond.  .     . 

The  (emu  kard  and  tofl  are  seen  by  na  inipeetion  of  (his  lahle, 
to  be  entirety  relaUve,  since  each  succeeding  body  ia  harder  than 
the  one  preceding,  and  vice  Tsrsa,  the  extremes  only  being  respect- 
ively eolter  and  harder  than  ali  others. 

We  employ  hardened  steel  to  cut  wood,  and  evM  iron ;  emery, 
(the  rough  sapphire,)  is  required  to  cnt  and  polish  it^  and  glasa  ; 
and  the  diamond,  set  in  a  alaff  of  metal  for  an  efficient  tool,  for  cut- 
ting plates  of  glass  into  any  required  Hie.  Even  the  hardest  roehs, 
as  porpyhry  and  Jasper,  are  readily  turned  into  any  reqnired  form 
in  the  lethe,  by  the  use  of  a  diamond  properly  set  a*  a  torning  tooL 


—Bodiea  which  are  ewUy  brolten  in  pieces  and 
pulverized  are  said  to  be  brittU.  Such  ar«  hard  bodies  gone- 
rally,  and  many  highly  elastic  substuices. 

Glass  which  has  been  cooled  Tery  tnddenlj  ia  Tory  brittle  and 


40.  What  is  said  of  tha  modified  remits  of  cohesion  I  41.  What 
of  bardoesa  t  What  b  the  eeale  of  hsrdnesa  I  EnUin  the  relative 
value  of  the  terua  bard  aW  aetL  ii.  What  bodies  are  said  to  be 
brittle  t 
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e]aati&  If  the  eommon  soientifie  toy  called  a  Roperfe**  drop,  or 
Dutch  tear — a  drop  of  liquid  glaat  tuddenly  solidified  by  dropping 
it  into  cold  water— is  grasped  with  one  hand,  and  the  point  snipped, 
the  whole  mass  will  be  broken  into  an  almost  impalpable  powder, 
with  a  violent  shock. 

48.  XftallMbility,  or  the  property  of  being  wrought  under  the 
hammer,  belongs  to  many  of  the  metals  in  an  eminMit  degree^ 
and  upon  it  their  utility  in  a  great  measure  depends.  It  Yaries 
according  to  temperature. 

Iron  is  most  malleable  when  it  first  attains  a  white  heat»  and  in 
that  sUte  huge  masses  of  it  are  taken  from  the  furnace  to  be  forged, 
the  metal  yielding  like  wax  to  the  pressure  of  the  rolling-mill,  or 
the  blows  of  the  hammer.  Zinc  is  most  malleable  at  800^  or 
400^,  and  lead  and  copper  when  they  are  cold.  Geld  may  be  ham- 
mered into  jesres  so  thin  that  282,000  of  them  are  only  an  inch 
thick.  Metals  lose  their  malleability  by  constant  hammering,  bat 
recover  ic  again  by  being  heated  and  slowly  cooled — a  process  called 

44  DoctOity,  or  the  property  of  being  drawn  into  wire,  must 
not  be  confounded  with  malleability,  for  the  same  metals  are  not 
alwuys  both  ductile  and  malleable,  or  do  not  possess  these  prop- 
erties to  an  equal  extent  In  general,  ductility  increases  wiUi 
the  temperature. 

Iron  may  be  drawn  into  the  finest  wire,  but  it  cannot  be  rolled 
into  plates  of  proportional  thinness.  Tin  and  lead  poesess  these 
qualities  in  the  reverse  order. 

45.  Blaaticity,  already  mentioned  as  one  of  the  accessory 
properties  of  matter,  has  a  peculiar  importance  in  solids,  because 
it  is  itself  a  moving  force,  and  serves  to  measure  the  intensity  of 
other  forces.  All  bodies  offer  a  resistance  to  compression  and 
extension  which  is  the  elasticity  of  the  body.  It  is  shown  in 
the  sensible  effort  of  a  compressed  spring  or  a  bent  bow,  to 
cover  fix>m  their  forced  state  of  flexion.  Elasticity  acts  in  a 
tion  exactly  opposite  to  the  compressing  force,  and  in  a  perfectly 
elaetic  body  is  in  direct  proportion  to  it  If  such  a  body  is 
compressed  to  a  certain  extent  by  a  weight  of  five  pounds,  it 

Give  examples  of  brittle  substancea  48.  What  is  malleability  ff 
What  is  said  of  iron  and  of  zinc.  Ac.  t  What  is  annealing  f  44.  What 
it  ductility  f    Ezamplea    45.  What  is  said  of  elasticity  f 


will  Buffur  twice  that  compressioD  hy  ten  ponnda ;  uid  no  mitter 
how  long  the  compression  has  continued,  or  how  great  the  Alter- 
ation of  its  shape,  it  will  recover  its  volume  and  form  when  the 
force  is  removed.  There  are  however  no  perfectly  elastic  atriids ; 
when  the  applied  force  is  carried  bejood  the  limit  of  elastic!^, 
it  produces  either  a  permanent  change  of  volume,  or  a  fracture. 

Highly  tempered  sieel,  within  cartaia  limiU,  approachei  to  nearly 
to  perfMt  elasticity,  that  it  is  in  ecteiuive  om  for  ipriag  balanse*. 
which  weigh  aoeurately  anaagh  for  ordinary  purposea.  The  reao- 
tion  of  a  steel  spring  is  the  motive  power  in  watches,  door-loolu, 
gnn-loclu,  and  farioBs  machinery. 

46.  OadPaUoM  of  elaatlolty.— The  return  of  m  elastio  body 
to  its  primitive  poiiition  is  usually  made  with  several  osdllations. 

If  a  blade  of  steel,  Ormly  fixed  at  one  extremity,  is  bant,  it  will 
return  to  iu  natnral  position  and  pass  over  tt  with  ita  acqnired  ve- 
locity, repeating  the  movement  for  lonis  time,  like  Oii  oscillatiooa 
of  a  pendulum.  It  ia  evident  that  in  banding  the  ateel  it«  moleeolea 
are  deranged  from  their  position  of  eqailibriura  by  oomprairion  on 
one  side  and  extension  on  the  other,  and  that  it  is  the  force  with 
whiah  they  tend  tn  tephMKthamselves  which  produces  the  ehuiidty 
of  the  blade. 

There  is  a  umilat  thougli  less  peroeptibia  ohange  of  figure  in  an 
ivory  hall,  which,  dropped  npon  marble,  will  rebound  oearly  to  the 
height  from  whieh  it  fell.  It  does  not  immediately  recover  its  spher- 
ical shape,  but  is  for  several  time*  alteroately  an  oblate  and  prolate 
spheroid. 

47.  Blaitldty  aSeotad  by  tan^MntnM. — In  the  arts,  great 
elasticity  is  produced  in  certain  bodies  by  a  Bndden  change  of 
temperature.  When  steel  is  brought  to  a  high  heat  and  sud- 
denly cooled  by  immersion  in  wat«r,  it  becomes  hard,  brittle  and 
elastic.  It  acquires  these  new  properties  in  a  greater  degree  as 
the  change  of  temperature  has  bean  more  considerable  and 
sudden.  This  process  is  called  tampering.  The  steel  may 
again  be  made  ductile  by  heating  and  permitting  it  to  cool 
■lowly.  No  satis&ctory  expUnation  has  been  given  why  tem- 
pering produces  theae  new  properties  in  steel,  nor  why  it  has 

What  i*  laid  of  tempered  steel  and  its  aje*  I  46.  How  may  the 
oeciilations  of  elasticitf  Im  shown  1  What  is  said  of  an  ivory  ball 
let  bll  npon  marble  I  47.  How  is  great  alastieity  often  produced  f 
What  is  tampering  I 
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the  contrary  effect  upon  other  substances.  It  is  certainly  accom- 
panied by  a  rearrangement  of  the  particles,  but  why  this  should 
produoe  the  effects  noticed  is  not  so  clear. 

Tbe  alloy,  composed  of  78  parts  copper  and  22  tin,  of  which  cym- 
bals are  made,  by  cooling  slowly  acquires  great  hardness  and  elarti- 
oity ;  while  tempering,  on  the  contrary,  renders  it  duotile  and  mal- 
leable. 

48.  Torsion. — ^The  elasticity  thus  fiir  described  arises  from  a 
force  applied  lengthwise,  and  is  properly  called  Jlexian  ;  but 
very  ductile  bodies  which  are  not  susceptible  of  this  elastidly, 
may  acquire,  in  certain  circumstances,  another  kind,  which 
consists  of  a  lAteral  displacement  of  the  opposite  sides  of  a  sdid 
in  opposite  directions,  the  central  particles  only  remaining  undis- 
turbed. This  is  elasticity  of  torsion  or  twisting.  It  may  be 
accurately  measured  by  angular  displacement,  for  the  ang;le  of 
torsion  is  always  in  exact  proportion  to  the  degree  of  elasticity. 
On  this  principle  Coulomb  constructed  his  delicate  Torsion  Bal- 
ance for  Uie  measurement  of  minute  attractive  and  repulsiye  forces. 

This  instrunent  consists,  essentially,  of  a  fine  metallie  thread, 
suspended  by  one  end  and  carrying  at  the  other  a  horiieontal  needle 
of  4  or  5  grains  weight,  which  moves  within  a  graduated  drde ; 
and  the  whole  is  inclosed  in  a  glass  case  to  protect  it  from  agitation 
by  the  air.  The  angular  distance  traversed  by  the  needle  firom  the 
point  of  departure,  measures  the  intensity  of  the  force  conunnnieaied 
to  it  This  instrument  will  be  more  particularly  described  in  the 
chapter  on  Electricity. 

What  is  said  of  the  alloy  of  which  cymbals  are  made  f  48.  What 
is  torsion  t  How  is  torsion  measured  f  Describe  Coulomb's  Toiaiea 
Balance. 
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ORTSTALLOQRAPUT. 
Form  and  Structure  ij/"  Solid*. 

49.  Solid  bodloi,  as  we  havo  «lr«>dj  seen,  poesesa  4  constant 
volume  and  an  independent  fbrro.  Thejr  are  produced  hj  the 
union  of  «qual  at«nis  maintained  at  fixed  distances,  and  in  tmile 
equilibrium  b^  the  influence  of  their  mutual  attraction  and  the 
TepuleiTe  force  of  beat 

The  fmrner  force  greatly  preponderates,  and  consequentiy  the 
particles  of  Bolids  cannot  move  freely  among  themBclves,  nor  be 
displaced  or  separated  from  the  mass  without  force  sufficient  to 
overcome  their  cohesion.  When  broken  portions  arc  replaced, 
they  no  longer  show  their  former  coheeion,  but  only  adhesion  of 
their  surfaces. 

60.  Brmmetiy  of  aoUds. — Many  solid  bodies  have  a  perfectly 
symmetrical  form ;  and  in  aoimale,  plants  and  minerals,  there 
exists  a  tendency  of  matter,  which  cannot  be  mistaken,  to  com- 
bine in  complete  and  symmetrical  wholes.  The  bodies  of  ani- 
mals consist,  usually,  of  two  equal  (or  nesrl;  equal)  and  similar 
•eta  of  limbs  and  organs,  one  on  the  right  and  one  on  the  left 
Bide.  The  organs  of  all  flowering  plants  are  similarly  and  regu- 
larly arranged  in  whorles  of  three  members,  as  in  the  lily,  or  of 
j!te,  BB  in  the  rose,  or  in  some  other  simple  numbers,  and  the 

same  law  is  beautifully  exemplified  in  the  arrangement  of  the 
leaves  and  branches  of  all  plants  and  trees,  (phylhtaxy.) 

61.  Organic  and  Inorganio  lUsr~In  the  animml  and  vegetable 
world,  the  laws  which  direct  the  aggregation  of  matter  are  those 
of  riTALiTT,  and  it  is  observed  that  most  of  the  forma  thus  pro- 
duced are  bounded  by  curved  lines  and  surfaces.  In  the  inor- 
ganic or  lifeless  world,  different  laws  are  in  force,  and  ih  the  pro- 
duction of  the  solid,  the  atoms  arrange  themsclTes  in  forms 
which  are  angular  and  bounded  by  plane  sur&ces.  The  geomet- 
rical forms  thus  produced  in  the  unoi^anized  world  are  uialo- 
gous  to  the  more  complicated  results  of  vitality  as  seen  in  animal 

49.  What  it  Mid  of  lolid  bodini  What  ti  the  effeot  of  th«  pre- 
pondBranM  of  the  attrMitive  foreel  Sa  What  ii  uud  of  the  aym- 
netry  of  •olidil  What  of  the  bodiea  of  aniiiialal  What  of  the 
oi^BiH  of  planta  I  111.  What  lawi  govern  the  organio  world  I  What 
li  laid  of  organio  fonni  1  How  do  the  atomi  arraogfl  thcmieive*  io 
the  iBorgania  world  t  What  ia  laid  of  th«a«  geometrieal  fomit  I 
What  of  the  laws  of  «ryttallitation  f 
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and  vegetable  life.     The  regular  forms  which  minerals  and  o 

solids  take  upon  themselves  are  called  cbtstals,  and  the  L 

which  govern  the  aggregation  of  matter  into  such  forms 

called  the  lawB  of  cryBtallization, 

52.  Qrowth  of  organized  and  unorganized  beings. — In  t 

mode  of  growth  of  crystals  and  of  organized  beings,  we  obser 

%  striking  difference.     In  the  organic  world,  the  individuals  I 

come  more  and  more  perfectly  developed  by  the  gradual  absoi 

tion  of  different  substances,  and  the  assimilation  of  these  with 

themselves,  developing  their  organs,  and  after  a  time  producii 

the  perfect  individual,  whose  powers  soon  decaying,  death  result 

when  a  complete  disorganization  takes  place.     The  crystal,  < 

the  other  hand,  is  perfect  at  the  first  moment  of  its  formatioE 

its  increase  is  firom  without,  and  owing  to  a  force  which  is  drai 

ing  like  to  like.     This  power  of  crystallization  being  a  constant! 

acting  force,  the  crystal  does  not  necessarily  undergo  deoompoc 

tion,  and  except  from  some  change  in  circumstances,  remaii 

ever  the  same.     Crystallization  effects,  then,  in  the  unorganized 

what  the  powers  of  vitality  do  in  the  organized  world,  and  yiewc 

in  this  its  proper  light,  the  science  of  crystallography  rises  froi 

being  only  a  branch  of  solid  geometry,  to  occupy  an  exalte 

philosophical  position. 

The  attraction  which  produces  crystals,  (attraction  of  aggregi 

tion,)  reveals  to  us  all  that  we  know  definitely  of  the  ultimate  an 

intimate  constitution  of  matter.     Since  we  cannot  predicate  anj 

thing  of  the  whole  which  is  not  true  of  its  parts,  we  may  reaso 

with  logical  exactness  from  the  sensible  properties  of  crystal 

and  the  laws  of  crystallogeny,  to  the  invisible  and  untangibl 

forces  which  centre  in  the  ultimate  molecules  of  matter  itsel 

In  this  view,  the  only  just  one,  crystallogeny ^  (the  theory  < 

the  formation  of  crystals,)  and  crystallography^  (the  descriptio 

of  crystalline  forms,)  become  a  most  important  and  inseparabl 

comer  stone  of  Physics.     Viewed  usually  only  as  a  subordinat 

department  of  the  comparatively  obscure  and  humble  science  < 

mineralogy,  or  at  most  as  only  an  adjunct  of  chemistry,  it  is  nc 

strange  that  crystallography  should  have  been  generally  ignore 

^^~^~^™^'^™^— ^™~  ~^^-^— ^— »~ 

52.  What  is  said  of  the  growth  of  organized  beingB  t  What  < 
the  crystal  1  What  is  said  of  the  attrnction  which  produces  cryi 
takt  To  what  may  we  reason  from  the  sensible  properties  of  cryi 
tak  f  What  is  crvstallogeny  f  How  is  ei^stallography  ffcnerall; 
viewed  f  What  advantages  do  we  derive  from  a  knowledre  of  it 
lawat 
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bjr  WTitwB  OD  nmtunl  phflosopbj.  Not  aalj  m  it  true  that,  from 
k  BtudjT  of  its  laws  do  we  derive  our  only  exact  notions  of  the 
ultimate  constitution  of  matter,  but  the  laws  of  heat,  light,  and 
magnetism  are  to  be  fullj  studied,  oaly  hj  th«  insight  which  we 
obtain  of  their  more  recondite  [>henomens,  through  the  influence 
of  cryfltalline  substances  upon  those  great  physical  forces. 

The  following  pages  are  condensed,  by  pennission,  chiefly  from 
Dana's  mineial<^,  4th  e^tion,  to  which  the  student  is  referred 
for  fidlec  explanation  of  the  system  of  notation  nsed  In  the  figures. 

Sejlnitum  of  Term*  vwd  in  CryttaUcgraphy. 

08.  DsfinfUon  of  torma. — It  is  important  to  define  exactly  the 
meaning  of  ihe  fidlowing  terms  in  constant  use  in  crystallography. 

PUmtt  or  Fate*  are  the  sur&ces  which  limit  a  crystaL 

Edge*  are  produced  by  the  meeting  of  planes. 

Plane  anglet  are  formed  by  the  meeting  of  two  lines  or  edges. 

Solid  angle*  are  formed  by  Uie  meeting  of  three  or  more 
planes. 

Tht  valve  (or  measure)  of  an  angle  is  the  number  of  degrees, 
minut«s,  Ac.,  of  which  it  consists,  and  is  determined  by  the  aro 
of  a  circle  which  would  be  intercepted  by  the  two  lines  forming 
the  angle,  the  lioee  meeting  in  the  centre  of  the  circle. 

-  A  terminal  plane^  ha»e  #r  tumtnit  is  the  plane  on  which  the 
figure  rests  and  its  opposite^ 

Lateral  plane*  connect  terminal  planes,  and  a  series  of  tiiree 
or  more  planes,  making  with  each  other  parallel  inteisectionB,  is 
called  a  tons. 

Terminal  edge*  are  the  edges  of  the  terminal  planes. 

Lateral  edge*  are  the  edges  produced  by  the  meeting  of  tiie 
lateral  plsDea. 

Similar  plane*  cr  /ace*  are  those  whose  corresponding  e^;es 
are  proportional  and  whose  corresponding  anj^  are  equal.  The 
dmilar  planes  of  a  crystal  are  not  always  equal  to  each  other  in 
siie,  one  or  two  being  often  more  extended  than  the  rest  Such 
are  called  dittvrted  planet. 

Edge*  are  *imilar  that  are  fonn»d  by  the  meeting  of  &oes 

Wbat  eonnaction  has  it  with  heat,  light,  tia,  S3.  What  are  planes, 
edgeB.  and  angle*  I  How  are  uiglet  DiMinred  1  What  are  ternuDal 
and  lateral  plaon  and  edgeit  What  are  limilar  planes  I  When  are 
•dgaa  plane,  and  eolid  aogle*  timilarl  What  i*  an  apexT  Wbat 
is  meant  by  replaeemant,  tnuication  and  beTalmeot  I 
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equally  inclined  to  each  other ;  they  are  liable  to  the  same  me- 
quality  as  similar  planes. 

Plane  angles  are  iimilar  when  equal,  and  contained  within 
similar  edges  respectively. 

Solid  angles  are  similar  when  they  are  composed  of  an  equal 
number  of  plane  angles,  of  which  the  corresponding  ones  are 
similar. 

Apex,  (plural,  apices,)  the  summit  where  three  or  mare  planes 
meet  to  form  a  solid  angle  about  an  axis. 

Replacement — ^An  edge  or  angle  is  replaced  when  cut  off  by 
one  or  more  secondary  planes.     Figs.  18,  15,  1 2,  and  •  i. 

Truncation. — ^An  edge  or  angle  is  truncated  when  the  repla- 
cing plane  is  equally  inclined  to  the  adjacent  fiuses.  Figs.  18,  15. 

Bevelment — ^An  edge  is  beveled  when  replaced  by  two  planes 
which  are  respectively  inclined  at  equal  angles  to  the  adjacent 
tuces.  Fig.  25.  Truncation  and  bevelment  can  only  occur  on 
edges  formed  by  the  meeting  of  equal  planes. 

A  Triangle  is  a  plane  figure  contained  within  three  sides ;  the 
sum  of  its  angles  is  180°. 

An  Equilateral  Triangle  has  its  three  sides  equal  and  con- 
tains three  equal  angles. 

An  Isosceles  Triangle  has  two  equal  sides  which  may  contain 
either  a  right,  an  acute  or  obtuse  angle ;  if  the  angle  be  lees 
than  a  right  angle  it  is  called  an  acute  triangle,  if  greater,  an 
obtuse  triangle. 

The  unequal  Ride  of  an  isosceles  triangle  is  called  the  base. 

A  Scalene  Triangle  has  three  unequal  sides  and  contains  three 
unequal  angles. 

A  Square  is  a  plane  figure  contained  within  four  equal  sides, 
whose  four  angles  are  right  angles. 

A  Rectangle  is  a  four-sided  plane  figure,  whose  opposite  sides 
only  are  equal     Its  four  angles  are  right  angles. 

A  Rhomb  is  a  four-sided  figure  whose  sides  are  equal,  having 
two  acute  and  two  obtuse  angles. 

A  Rhomboid  differs  from  the  rhomb  in  having  only  its  oppo- 
site sides  equal. 

Diagonals  are  lines  crossing  from  one  angle  to  another. 

Axes  are  lines  connecting  points  diagonally  opposite,  as  the 
apices  of  opi>ositc  solid  angles,  the  centres  of  opposite  edges  or 
fkces.     Figs.  1,  5,  10  and  23.  

What  is  a  triangle  t  Descriho  the  different  kinds  of  triangles  t 
What  it  a  iquare,  rectangle,  rhomb,  and  rhomboid  f 
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Three  axes  are  emplojed  for  the  different  BjBtems  in  cttbUI- 
logT^phf,  (excepting  the  Eiixth,)  whose  length  duj  be  eqiu),  or 
onljT  two  ftUko,  or  all  unequal ;  they  aOkj  aUo  be  at  right  anglM 
to  each  other,  or  ohlfque. 

D^nition  of  CrgttaUine  Formi. 

A  Pritm  is  a  column  having  any  number  of  Bides.  In  crjrs- 
tallographj  we  have  four  and  six-sided  prisms,  which  may  be 
either  right  prisma,  (that  is,  erect,)  or  oblique  prisms,  (that  is,  in- 

Four-aided  prisms  occur  of  a  number  of  kinds ;  tbw'  based 
may  be  cither  square,  rectangular,  rhombic  or  rhomboidal.  If 
the  bsRc  is  a  square  or  a  rectangle  and  the  prism  erect,  the  eight 
»olid  angla  are  equal  and  tcetangular  ;  the  edges  ore  tweWe 
and  may  vary  ;  for  example, 

A  Cahe  is  bounded  by  six  equal  sides,  (the  lateral  sides  being 
equal  to  the  bases,}  and  the  twelve  edges  are  all  equal,  flg.  1. 
12  8 
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A  Eight  Square  Pritm,  flg.  2,  haa  a  square  base  and  a 
height  which  may  be  either  greater  or  less  than  ita  breadth ;  its 
sides  are  equal  rectangles,  the  eight  basal  edges  (four  at  each 
base)  arc  equal  to  each  other,  but  differ  from  the  four  lateral 

A  Right  Seetangular  Pritn^  fig.  8,  has  a  rectangular  base 
and  sides  also  rectangular,  the  opposites  only  equal ;  two  e<^e8  at 
each  base,  differs  from  the  other  two,  while  the  lateral  edges 
are  also  different;  hence  there  are  three  sets  of  edges,  four  in 

The  tmse  may  also  be  a,  rhomb  or  rhomboid. 

What  ire  diagonal!  t  Wliat  are  aiai  ?  What  is  Mid  of  tlie  axes 
emplojeil  in  aryatallnerapliy  t  What  is  a  pritm  I  What  i«  laid  of 
fourinledpritmil  Whatiiaeubel  A  right  tqiiare  pnim  T  Ari^t 
reetangalar  pritm  I     Draw  tiieta  fignrei  from  memory. 


en  Vr  ALUM  BAFBT. 


A  Sight  Mombie  PHwi,  flg.  4,  bw  »  wrying  hei^t  mnd 
k  rhombic  bwe.  Ita  plmo  tngleB  m  two  obtuse  Htd  two  «cut«, 
with  <xiiT«Bpoiiding  soUd  Higles  and  Utenl  edges,  tlu  four  latml 
bcee,  like  the  ImmI  edges,  sro  «qiuL 


r<rr 


An  Obtiqve  Ehombie  Pritm,  figs.  C,  6;  (fig  6,  »  front  view, 
ftnd  fig.  B,  a  side  view ;)  has  a  rhombic  base  and  «  Tvying  Iieigtit, 
the  lateral  fkces  are  rhomboids.  The  lateral  edges,  like  th«  basal 
edges,  have  two  acute  and  two  obtuse  angles.  When  the  h^^t 
IB  equal  to  the  breadth  the  form  is 

A  Rhombohedron,  fig.  28,  composed  of  six  equal  rhcmbic 
fltces. 

A  Sight  Shomboidal  Prlmt  has  a  rhomboidal  base  and  a  n- 
rying  height,  only  the  two  opposite  sides  and  angles  are  equal, 
the  latent  rectangular  faces  correspond  to  the  basal  edges ;  the 
opposite^  only  are  equaL     This  form  is  similar  to  fig.  4. 

An  Obliqtit  Shomboidal  Prirm,  fig.  7,  has  a  rhomboidal 
base  and  a  varying  height  The  lat«ral  fiices  are  rhranboids. 
The  edges  of  each  base  are  of  four  kinds ;  for  two  opposite  are 
longer  than  the  other  two,  and  of  each  pair,  one  is  obtuse  and  the 
Other  acute.  In  this  solid,  therefore,  only  diagonally  opposite 
edges  are  timilnr,  and  only  opposite  solid  angles  are  equal 


What  u  a  riffht  Hionibic  . 
rbotnbobedronl     What  is  a  luht  rhomboidal  prixnl     IJeaoribe  an 
oblique  rbonboidal  prism  I     Wt    '  '  <      ■  ..  . 


I     An  oblique  rhombic  pmin  I     A 

'    '       'loidal  prixnl     Dme' 

hexagonal  pHam  I 


An  Oelakedron  hte  eigbt  trUoguUr  bees ;  its  form  U  like  two 
four-aided  pjraniida  united  base  to  base.  Three  octkhcdrons  ue 
described. 

The  ReguloT  Octahedron,  fig.  6,  has  a  square  base  and 
eight  faces,  equilateral  triangles ;  its  solid  angles  are  six  and 
equal,  as  alao  are  its  twelve  edges.  The  plane  angles  are  BO", 
the  inter&cial  angles  are  100°  IS  16" ;  this  solid  is  symmetrical 
like  the  cube. 

The  RigM  Square  Octahedron,  flg.  10,  has  a  square  base,  but 
ft  Tertical  height,  greater  or  less  than  in  the  regular  octahedron. 
Its  bees  are  equal  isosceles  triangles.  Its  basaJ  edges  are  equal 
and  siiniUr,  but  they  differ  in  length  from  the  eight  equal  pjrm- 
niidal  edges.    'Rie  rertical  solid  angles  diffbr  from  tbe  basal 

The  Eight  Shmnbie  Oetahedron,  fig.  11,  has  a  rhombic  base 
and  a  varjing  height;  its  &ces  are  equal  triangles;  the  basal 
edges  are  equal ;  the  plane  angles  of  the  base  and  the  pjrt- 
midal  edges  are  of  two  kinds,  two  obtuse  and  two  acute. 


The  Shomhie  Dodecahedron,  Rg.  13,  is  bounded  by  twelve 
equal  rliombs  -,  it  has  twenty-four  similar  edges,  fourteen  solid 
angles ;  they  are  of  two  kinds.  Bight  obtuse,  formed  by  the 
meeting  of  three  obtuse  plane  angles,  and  six  acute,  formed  by 
the  meeting  of  four  acute  plane  angles. 

NoTK. — In  (tndyingtliiBiubJMt  tLe  pupil  will  6ad  it  of  thegreatctt 
a«i*tanee  to  hia  8a*y  comprtheniion  of  the  forma  mentioned,  to  pro* 
daeathem  with  a  knife,  from  loitie  aoft  aubatanae  like  a  tnraip  or  a 
polato.  which  are  more  auity  managed  thae  chalk  or  wood,  and 
ne»t«r  than  clay.  6«ta  of  eryataUina  forma  and  oarda,  with  the  ont- 
lioea  of  the  Tariona  forma  prepared  for  catting  np,  are  furoiahed 
cheaply  by  the  Qerman  chemical  dealer*  for  the  uae  of  achoola. 

What  ia  an  octahedron  r  Deacriba  the  regular  octahedron.  The 
right  aquare  and  right  rhombic  octabedrao.  What  ia  the  rhorabia 
dodeeahedroD  t 
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Monametrie  SytiUm, 

54.  The  monometiio  wjtUan^  (from  fiunu^  one,  mnd  metink^ 
measure,)  includes  the  cube,  fig.  11,  the  regular  octahedran, 
fig.  9,  and  rhombic  dodecahedron,  fig.  12.  Eech  of  these  fbrai 
is  perfectly  symmetrical,  being  equal  in  heigfati  length  and 
breadth.  Their  axes  are  three  in  number,  of  equal  length,  and 
at  right  angles  to  each  other.  In  the  cube,  the  axes  connect  the 
centres  of  opposite  faces,  (fig.  1,)  in  the  octahedron  the  apices 
of  opposite  solid  angles,  (fig.  9,)  and  in  the  dodecahedron  the 
apices  of  opposite  acute  solid  angles,  (fig.  12.)  The  relation  of 
the  axes  in  these  solids  to  each  oUier  may  be  understood  by  den- 
ying one  form  fi^m  the  other.  If  in  the  cube  (its  fiMses  are  indi- 
cated by  o)  we  truncate  each  of  its  eight  solid  angles,  fig.  18  is  fint 
produced,  and  as  the  truncation  proceeds,  fig.  14^  and  finally  a 
perfect  octahedron.  It  will  be  noticed  that  the  centres  of  ^ 
the  ends  of  the  axes  in  the  cube,  correspond  to  the  apices  of  the 
solid  angles  in  the  octahedron,  which  arc  also  the  ends  of  axes 
13  U  15 


{ 


Again,  if  we  replace  each  of  the  edges  of  the  cube  by  planes,  (i) 
equally  inclined  to  the  faces,  as  we  continue  the  replacement, 
we  obtain  successively  the  forms  represented  by  figs.  15  and  16  - 
finally,  as  the  planes  o,  disappear,  wc  obtain  the  rhombic  dodeca- 
hedron, fig.  13,  the  apices  of  its  opposite  acute  solid  angles,  corres- 
ponding to  the  centres  of  the  faces  of  the  cube.     If  we  truncate  the 

16  17 


54.  What  doet  the  monometrio  system  iDcludef  What  of  the  sym- 
metry of  the  forms  in  this  system!  What  is  said  of  their  azeaf 
What  do  they  connect  in  the  different  forms  t  How  may  an  oota* 
hedron  be  derired  from  a  cube  T    How  a  rhombic  dodecahedron  ? 
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edgn  of  the  ocUhednm,  flg.  17,  the  pluiee  (t)  »n 
Mtd  continuing  the  removij  till  these  are  obliterated,  the  rhombic 
dodeohedroo  results,  and,  as  in  the  other  cases,  there  is  a  perfect 
comspondence  in  position  between  its  axes  and  the  axes  of  the 
other  forms.  By  a  reversal  of  these  processes  we  obtain  from 
the  octahedron  and  dodecahedron  tlie  cube,  and  the  octahedron 
from  the  dodecahedron- 

Dimetric  SyiUm. 

65.  The  dlmrtrlo  lyatom,  (from  dit,  two-fold,  and  metnm 
measure,)  includes  the  sqoare  prism,  fig.  2,  and  square  octa- 
hedron, fig.  10,  bearing  the  same  relation  to  each  other  as  the 
cube  doee  to  the  regular  octahedron.      In  this 

system  there  are  three  axes,  all  at  right  angles  to  18 

e«ch  other,  but  only  the  two  Ut«ral  are  equal,  the 
third  or  Tertical  axis  being  of  varying  length, 
the  prism,  the  axes  connect  the  centres  of  oppo-  I 
site  Aices,  (fig.  2,)  in  the  octahedron  the  apices  of 
opposite  solid  angles,  (Bg.  10.)  If  a  square  prism 
has  each  of  its  solid  angles  truncated,  we  shall 
have  first,  fig.  IS,  and  finally  the  square  octahe- 
dron is  produced. 

Tinntelrie  SyiUm. 

66.  Th*  trinetrio  qratam,  ((horn  trU,  three-fold,  and  metron, 
measure,)  includes  the  rectangular  prism,  fig.  S,  the  rhombic 
prism,  fig.  4,  and  the  rhombic  octahedron,  flg.  11.  Each  of 
these  forms  bas  its  three  axes  at  right  angles  to  each  other,  and 
all  are  unequal  in  length.  In  a  rectangular  prism,  (the  base  a 
rectangle,)  the  axes  connect  the  centres  of  opposite  facee,  fig. 
8.  In  the  rhombic  prism,  (base  a  rhomb,)  the  vertical  axis  con- 
nects the  centres  of  the  bases,  the  two  lateral  axes  connect  the 
centre*  of  opposite  edges,  flg.  4.  In  the  rhombic  octahedron 
(base  4  rhomb)  the  axes  connect  the  apices  of  opposite  solid 
angles,  Sg.  11.  If  the  solid  angles  of  the  rectangular  prism 
are  removed,  we  have  first,  fig.  19,  and  finally  the  rhombic 


How  may  an  oetahedron  be  derived  from  a  rhembie  dodeeahe- 
drool  SB.  What  doat the dinetrie syitam include 7  Vhalistaid 
•f  the  axsa  ia  this  system  r    What  do  they  eooDeotl 
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octahedron.    The  same  result  is  obtained  bj  removing  the  basil 
19  20  21 


I 


22 


edges  from  a  rhombic  prism,  as  seen  commenced  in  fig.  20. 
Again,  replace  the  lateral  edges  of  a  right  rectangular  prism  by 
planes  equally  inclined  to  both  faces,  and  a  right  riiombic  prism 
is  the  result ;  fig.  21  shows  the  relation  of  the  two  prisms  to 
each  other ;  the  position  of  the  axes  in  these  forma  may  be  seen 
to  correspond. 

MonocUnie  Syttem, 

57.  The  monoclinic  system,  (from  mono9j  one,  and  ilino^  to 
incline,)  includes  the  right  rhomboidal  prism,  (fig.  4,)  and  the 
oblique  rhombic  prism,  (fig.  5.)  In  this  system  the  three  axes  are 
unequal,  the  two  lateral  axes  are  at  right  angles  with  one  another, 
the  vertical  is  inclined  to  one  of  the  lateral  axes  and  at  right 
angles  with  the  other.  In  the  right  rhom- 
boidal prism  the  axes  connect  the  centres  of 
opposite  faces,  (fig.  9.)  In  the  oblique  rhom- 
bic prism  the  vertical  axis  connects  the  centres 
of  the  bases,  and  the  two  lateral  axes,  the  centres 
of  opposite  lateral  edges,  (fig.  5.)  The  trunca- 
tion of  the  lateral  edges  of  one  prism  finally 
produces  the  other.  The  relation  of  these 
prisms  to  each  other  is  seen  in  fig.  22. 

TrUlinic  System, 

58.  The  trioUnic  system,  (from  trU,  three,  and  klino,  to  in- 

llow  is  a  Bqnare.  octahedron  derived  from  a  square  prism  f 
66.  What  does  the  trimetrio  system  include?  What  do  the  axea 
connect  in  the  different  forms  of  this  sytitem  ?  How  is  the  rhombic 
octahedron  derived  from  a  rectangular  prism  t  How  from  a  rh«m* 
bic  priim  f  How  is  the  riffht  rhombic  prism  derived  from  a  right 
reetangalar  priim  f    67.  Wnat  does  the  monoclinic  system  include  t 
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dine,)  includes  the  oblique  rbomboidal  prism,  (flg.  7.)  All  the 
axes  &rc  unequal  and  oblique,  the  vertical  asis  coonects  the  cen- 
tres of  the  bases ;  the  lateral  axes  connect  the  centres  of  the 
Uteral  edges,  (fig.  t.) 

Hexagonal  Si/»ten. 
S9.  nuhaxagonaliTatem,  includes  the  hex- 
agonal prism,  (fig.  8,)  and  rhombohedron,  fig. 
83.  In  the  hoxi^onal  priBm,  Sg.  S,  the  vertical 
axis  connectfi  the  centres  of  the  bases,  the  three 
lateral  axes  connect  the  centres  of  opposite 
lateral  &ces  or  edges  and  cross  each  other  at 
an  angle  of  60°,  at  right  angles  to  the  vertical 

In  (he  rbombohedron,  two  diagonally  opposite  solid  angles  con- 
sist of  throe  equal  obtuse  or  three  equal  acute  plane  angles ;  the 
di^onal  connecting  these  solid  angles  is  called  the  vertical  axis ; 
placed  with  this  axis  in  a  vertical  position,  the  rhombohedron  ia 
said  to  be  in  position,  and  looking  from  above,  it  will  be  noticed 
that  the  lateral  edges  are  at  an  equal  distance  from  the  vertica] 
axis;  the  throe  Uteral  axes  connect  the  centres  of  the  lateral 
edges  intersecting  each  other,  as  do  the  Uteral  axes  of  the  hex- 
agonal prism,  at  an  angle  of  60°.  Placing  the  rhombohedron  in 
position,  if  we  remove  the  six  Uteral  edges,  replacing  them  hj 
planes  parallel  to  the  vertical  axis,  there  is  produced  a  regular 
hexagonal  prism,  terminated  by  three-sided  pryaraids.  If  their 
vertical  solid  angles  are  also  removed,  the  regular  hexagonal 
prism  results.  If  we  remove  from  an  hexag- 
onal prism  three  alternate  basal  edges,  and  at 
the  other  extremity  also,  three  edges,  alterna- 
ting with  the  first,  as  shown  in  fig.  24,  and  con- 
tinuing the  removal  till  the  original  form  is  ob- 
literated, a  rhombohedron  Is  produced;  it  also 
results  by  removing,  in  a  corresponding  manner, 
the  alternate  solid  an^es  (h>m  the  hexagonal 
prism.     When  the  plane  angles  forming  the  ver- 

Wbatia  laid  of  the  length  of  theaiM  in  tlia  famuorthioyitem? 
Wliat  Aa  they  cunnecti  Mow  ii  una  priim  darivad  from  another) 
6%.  What  doea  tbe  triclinia  ayaUm  iaclude  r  What  is  aitid  of  the 
laagthoftlieaxeaiotbiisyiteml  Wbstdo  they  coDnectF  SB.  What 
doM  the  heiagoDal  it-item  inelude  I  What  U  laid  of  tha  ax«*  io  the 
haxaganal  priami  #hat  of  tha  axai  io  the  rhombohadron  I  Wlw& 
ii  tba  appearaoca  whan  tha  rhombohadron  ii  p1i««4.  iA  -^w^j.uWV 
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tical  solid  angles  are  obtuse,  the  rhombohedron  is  oalled  obtuse, 
and  if  acute,  the  solid  is  called  an  acute  rhombohedroD« 

Modified  Forms, 

60.  Modified  forms. — ^If  bodies  in  crystallizing  assumed  only 
the  fundamental  forms,  there  would  be  but  comparatiYely  little 
variety  and  beauty  in  crystalline  solids ;  it  is  to  the  modification 
of  the  fundamental  forms  that  we  owe  that  endless  variety  of 
crystalline  figures  which  we  observe  in  nature  and  that  are  pro- 
duced in  the  laboratory.  These  modified  forms  are  called  secon- 
dary or  derivative  forms,  and  are  produced  by  the  replacing  of 
the  edges  and  angles  of  the  fundamental  forms  by  planes,  whidi 
are  called  secondary  planes.  The  modifications  of  crystals  take 
place  according  to  two  simple  laws. 

Ist.  All  the  similar  parts  of  a  crystal  may  be  simultaneously 
and  similarly  modified.  The  forms  thus  resulting  are  called 
holohedral  forms,  (from  Jiolos,  whole,  and  edra,  &ce.) 

2d.  Half  the  similar  parts  of  a  crystal  may  be  simultaneously 
and  similarly  modified ;  the  forms  thus  resulting  are  called  ketni- 
hedral  forms,  (from  hemim^  half,  and  edra^  face.) 

A  few  of  the  secondary  forms  of  the  different  systems  of 
crystallization  will  be  noticed. 


Monametrie  System, 

61.  Holohedral  formik — By  the  bevelment  of  the  edges  of  a 
cube  we  have  first  fig.  25,  and  finally  fig.  26,  called  a  tetrahexa- 
hedron^  the  faces  %  2,  being  extended  until  o  is  removed. 


25 


26 


By  replacing  each  of  the  solid  angles  of  a  cube  by  three  faces 


How  do  we  derive  the  bezaffonal  prism  from  the  rhombohedron  T 
6(K  What  if  said  of  modified  forms?  What  are  holohedral  forms  T 
What  are hemihedral  forms?  61.  How  is  a  tetrahexahedron  derived 
fhmi  a  cube  f 


«qiMll7  inclined,  we  hftTfi  fig.  27,  Hid  fiDsUj  fig.  28,  called  a  tra- 


y  truncating  the  alternate  angles  of 
e  haTe  flgs.  20  and  80,  and  finally  the  bees  of  the  cube 
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^■appear,  and  there  reaulta  for  fig.  80,  the  tetraliedroD,  fig.  81,  a 
three-sided  pjramid ;  this  form  in  seen  in  iron  pyrites,  and  a  sim- 
ilar form  results,  for  fig.  SO. 
If  the  edges  of  a  cube  are  replaced  but  by  one  of  the  two 


beTeling  planes,  represented  in  fig.  26,  we  hare  flga.  83,  83,  and 
finally,  fig.  84,  the  pentagonal  dodecahedron. 


68.  Holohadral  fbnna. — The  square  priflm  has  its  lateral  diffe- 
rent from  its  basal  edges  ; .  modifications  of  these  two  kinds  of 

How  ii  a  trapeiohedroa  deriTed  ttatu  a  onbe  I  82.  What  fnnn  re- 
sult! from  tmncating  the  alternate  aoglai  of  a  cabel  How  isa 
pmtagOBal  dodeeahearon  detiTed  from  a  aubal 
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edges  teko  place  independentl;  of  each  other.  Tho  pbum,  inclu- 
ding the  l&teral  edges,  are  equal ;  these  edges  may  therefore  be 
beveled  and  truncated^  which  cannot  be  with  the  basal  edgess,  ai 
they  are  contained  within  unequal  planes. 

If  the  lateral  edges  of  a  square  prism  are  truncated,  another 
square  prism  results,  fig.  86;  if  beveled,  eight-sided  prisma,  fig.  S6, 

as  as 


are  produced,  of  cHflercnt  an^es,  according  to  the  an^ea  of  berd- 
hmrL     If  tho  solid  angles  of  a  square  prism  be  replaced  hy  two 


plants,  as  in  fig.  ST,  a  double  eight«ided  pyramid  results,  fig.  S8. 

g4,  HeniUiedTBl  fontuk^-lf  half  the  solid  angles  of  a  square 

prism  bo  replaced  by  single  planes,  as  shown  in  flg.  IB,  the  sca- 


lene pyramid,  fig.  39  resultft,  while  if  two  planes  replace  half  the 
au^es,  flg.  40  is  produced. 

63.  fCbot  Ib  laid  of  tlie  iquBre  priim  t  Wliat  formi  r«*Dlt  from 
the  truQcation  aod  bevel  meat  of  the  lateral  eJgca  of  a  iquan  priiKil 
Bow  is  a  doable  eight-Billed  pyramid  praducBiifroma  square  pritml 
(4.  How  is  a  scalene  pryunid  prodaotd  from  a  Mjaara  priam  1 
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It  OD  half  of  the  an^es  onlj  one  of  the  two  pluiefi  represented 
n  fig.  3T  is  extended,  ftnd  the  pLme  oa  the  oppoeite  vigle  is  on 


the  Mine  side  of  the  edge,  fig.  41,  results ;  while  if  the  plane  ia 
on  the  opposite  side  of  the  edge,  fig.  42,  is  produced. 

Tritnetrie  Syitem. 

65.  Holohedral  fonoM. — It  has  been  shown  that  a  replacement 
of  the  lateral  edges  of  a  rectangular  prism,  produces  a  right  rhom- 
bic prism ;  by  Taiying  the  inclination  of  the  replacing  planes, 
different  rhombic  prismB  are  produced ;  a  replacement  of  the 
basal  edges  produces  other  rhombic  prisms,  which  are  called  (bj 
Dana)  iatnet,  (from  domuf,  house,)  being  placed  like  the  roof  of 

66.  HMnUwdral  fonaa. — Two  different  kinds  of  hemihedrism 
occur  in  this  sjstem ;  the  numoelinic,  when  the  lower  extremity 
of  a  crystal  in  front  and  its  diagonally  opposite  differ  in  their 
modification  ttom  the  upper  extremity  in  fi^t,  as  in  tourmaline, 


nowthefcrm,  fig.  401  VThatof  tha  otiier  hcmihedral  fonnal 
SO.  How  are  dlffereat  rhombia  priwni  prodaced  from  a  rectangular 
prism  1  What  are  domeit  SO.  What  difforeut  kindi  of  hemih*- 
driun  oeear  in  ill*  trimetrie  tyatero  t 


42 
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figs.  48,  44;  the  ^mtm^^i^Aic,  when  aU  similar  pArts  of  one  bttft 
are  modified  alike,  but  wilike  the  oorrespdnding  parta  of  the 

45  46 


other  as  in  topaz,  figs.  45,  46. 

Monoelinic  System, 

67.  MonocUnio  ■3r8tem. — In  the  oblique  rhombic  prism,  the 
lateral  edges  are  two  acute  and  two  obtuse,  therefore  their  seoon- 
darj  planes  are  unlike,  fig.  47,  the  four  lateral  angles  are 

47  48  49 


fig.  48,  the  basal  edges  are  two  obtuse' and  two  acute,  therefore, 
independently  modified,  fig.  49,  shows  the  obtuse  basal  edges 
modified. 

The  oblique  octahedron  results  from  the  replacement  of  the 
solid  angles  of  the  oblique  rhombic  prism ;  in  this  figure  there 
are  two  sets  of  planes,  in  which  1,  1,  are  on  the  obtuse  angles 
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Give  Exaraplea     67.  What  ia  said  of  the  oblique  rhombic  priam  t 
What  of  the  oblique  octahedron  ? 


ntrnu)  rouu. 


of  the  outer  priam,  while  —1  — 1  tn  on  the  Mote  Miglw ;  flg. 
60  shows  the  commencement  of  the  replacement,  and  fig,  Bl 
shows  the  completed  figure. 

Trielinie  SytUm. 


—As  only  disgouallj  oppnite  eclgee  or 
■Dgles  we  simiUr,  we  can  have  in  the  ciystaU  of  this  system  but 


two  planes  alike,  figs.  62,  53.  By  the  replacemeot  of  the  basal 
edges  of  the  prism  by  homologous  planes,  an  octahedron,  having 
four  sets  of  planes,  may  be  produced,  fig.  64. 

Hexagonal  Sgitem. 


69.  Hol^tednl  bnam. — In  the  hexagonal  prism,  the  basal 
edges  are  alike,  as  also  are  the  lateral  edges  and  the  solid  angles. 
If  each  basal  edge  or  basal  angle  is  replaced  by  a  single  plane,  as 


(^^ 


^^krrtv' 


Ags.  GO,  56,  there  results  a  double  six-sided  pyramid,  called  a 
dlhezagonal  pyramid,  fig.  57.  When  each  solid  angle  is  re- 
placed by  two  similar  planes,  we  have  flnt  fig.  58,  and  finally 

A6.  What  iiuidof  the  madifieattoni in  the  tricUnio  lystemf  69. 
tlowiithadiheuuonalpyrainidprodaised  from  tbebexagoaal  priim ! 
H«w  the  benjrlloid  t  How  is  a  •ealenobedron  produced  troiD  a 
rhombcrfiednni  I 
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a  double  tw«lT»<idod  pynanid,  the  bwryDoid,  nmlta,  fig.  U. 


B7  replacing  the  lateral  angles  of  a  Hiombohednin,  tb«« 
results  a  regular  hexagmial  priam  terminated  b;  a  three-ri^d  pji- 
amid;  wbil«  if  the  planes  m,  fig.  60,  arc  enlarged  till  S  k  ob- 
literated, an  acute  rhombohedron  is  produced.  U|  as  in  fig.  41, 
the  lateral  edgu  of  a  rhombohedron  are  beveled,  a  Bcalenohedra), 
60  01 


represented  bj  the  dotted  Un«e,  fig  61,  results.  This  solid  to 
included  bj  twelve  scalene  bees.  Bj  the  replacement  of  th«  U^ 
eral  angles  of  a  rhomliohedron  by  two  planes,  other  scalenolw. 
drons  result,  as  fig.  62. 

10.  How  doei  a  rhombohedron  mnlt  IVoin  dd  heTa(;onal  prieit)  | 
How  a  MalenohedTon  t  How  a  aix-iidcd  pyramid  t  How  ii  ati«. 
pcsohedral  double  pr; amid  produced  t 
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«  an  ft  niunbm  of  ktnds  of  hemihe- 
driem  in  this  M^Htem.  By  the  replacement  of  the  ftlternate  bisal 
•nglea  or  edges  of  ta  hiTipmil  prism,  a  rhombohedron  reeults, 
as  his  been  shown.  Fi^  B8  ia  ■■  hexagond  prisin,  with  tno 
planes  on  tha  aa^eB,  at  either  baae ;  la  hunihedral  forms,  half  of 
these  plana  are  RipprMsed.  If  the  snppreaaed  plane*  are  flret 
r,  then  I,  flg.  SB,  alUmate  abore  aod  below,  the  form  is  a  aca- 
laDobedron ;  if  the  ocouniiig  plana  is  the  r  od  each  angle  of  one 


baae  and  the  I  on  Hch  ang^e  of  the  opposite,  as  in  flg.  64,  a  tAx- 
sided  pyramid  results.  Again,  the  recurring  pUnes  may  be  the 
r  of  bo^  bases,  or  the  i  of  both  bases,  and  there  then  results 
a  tnpezobcdral  double  pyramid. 

ri.  OoBVOODd  gryrtsls  SomeUmea  we  Bad  two  or  more 
crystals  noited  regularly  and  Bymraetrically  together.  The  form, 
if  compoaed  of  two  Inditiduals,  is  called  a  twin  crystal.  Fig. 
66  is  a  simple  cryital  of  gypsum ;  if  it  be  bisected  along  a  b. 


•ltd  the  right  half  be  inTert«d  and  applied  to  the  other  halt;  it 
win  fitrm  flg.   66.     If  an  octahedron,  as  flg.  67,   be  bisected 

71.  What  i»a  oonponnd  *tjtUi  t    What  is  taid  of  the  oryital  «f 
gypstml    How  it  t£efNiii.lg.  M,prodB«ad  froman  oatahedraal 
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through  the  dottad  liiM^  hkL  Hw.^pw  bcif  i«T<4Ted  hftlf  nj 


# 


around  bo  than  unitod  to  tiie  Imrer,  it  produeea  fig.  68.  Both 
figs.  66  HDd  68  mre  twin  ctystals. 

The  imogiiur;  axis,  on  which  the  revolution  of  half  the  ayt- 
tal  IB  made,  is  termed  the  axis  of  revolution,  and  th«  imaenKj 
section,  the  plane  of  revolution.  Compound  crjstttls,  compoaed 
of  more  than  two  individuals,  are  frequently  obeeired,  ■■  in 
the  cBHe  of  the  snow-flake,  a  not  unusual  form  of  which  ia  rep- 
resented bj  fig.  66,  composed  of  six  crjstals  meeting  at  • 
point,  or  of  three  crossing  each  other  at  right  angles.  Fig.  70 
repreeents  a  compound  crystal  of  chrysoberyL 

72.  Oleavage.— By  the  application  of  mechanical  force  to 
crystals,  we  observe  that  they  split  in  cort^n  directions,  leaTiog 
even  and  polished  sur&ces.  The  production  of  such  eur&ceti,  b 
causing  the  separation  of  the  particles  of  the  cijitala,  ia  called 
their  cleatage;  Va»  pUnoe  along  which  Hie  separation  takes 
place  are  called  cleavage  jainU.  Cleavage  is  often  obtained  with 
great  case,  as,  for  example,  with  mica,  which  may  be  soparattd 
by  means  of  the  fingers  into  thin  leaves.  Galena,  again,  cleavN 
Gasily,  and  as  the  three  cleavage  planes  are  at  right  angles  to 
each  other,  a  cube  rcsutta.  Calc  Hpar  also  readily  spliti  In  three 
directions,  and  by  this  means  a  rhombohedron  is  obtained ;  while 
with  fluor  spar  a  cleavage  of  its  solid  angles  produce*  an  octa- 
hedron. The  cleavage  of  many  crystals  is  obtained  with  great 
difficulty,  as,  for  example,  with  quarts  and  tourmaline ;  in  othan 
no  clvavagc  can  be  produced,  owing  to  the  strong  cohesion  amoBg 
the  lamina).    In  some  crysuls  but  one  cleavage  is  visible,  as  with 

What  )•  the  axil  of  rerolation  in  a  compound  eryiUl  I  What  ia 
taidofinowflakiaT  7i.  What  ii  cliavagel  What  are  deavan 
jolnlat      Give  esamplw  of  cajy  cleavage.      Example*  of  diffiodt 
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mia;  anail  hne  two;  otbera  three,  u  gmlttut  and  calc  epM"; 
fluor  spAT  has  fbnr,  blende  has  six,  while  others  have  even  more. 
We  obtain  hj  the  cleava^  of  a  crystal  some  one  of  the  thirteen 
fundamental  forma.  Tarietiea  of  the  same  mineral  have  the  same 
cleavage.  CleaTage  occnrs  parallel  to  tim  fluea  of  the  flmdamen- 
tal  form,  or  along  the  diagcaab ;  the  fiuilit;  of  cleavage  and 
lustre  of  the  Burfaces  is  always  the  same,  parallel  to  similar  bcea. 
78.  OoBioaMUn,. — Inatruments  for  determining  the  angles  of 
crystals  are  called  goniometers,  (from  ganv,  angle,  and  metrim, 
meaaure.)  The  principle  of  the  common  goniometer  is,  that 
when  two  atraigfat  lines  cross  each  other,  their  opposite  angles 
areequal,aswhen,flg.71,tbeline^f  eroBaesC^^,theangle  J  0I> 
isequaltotheangleCf?^  »nd  A  OCto  J>OE, 
Hsuy's  goniometer,  fig.  72,  constats  of  a  light 
eeoii-circle  of  brasa,  accurately  graduated  into  ' 
d^rees,  having  a  pair  of  arms  which  open  and 
shut,  moving  on  a  central  pivot,  0,  by  means  of 
the  grooves  f  h  and  np  ;  these  arms  may  be 
leDgthened  and  shortened  at  pleasure,  and  the  points  a  eare  thus 
^  capable  «f  embradng  the  &ccs  of  any  oystal  whose  angles 


ight  '* 

into  "^s.  yt 

IS  of  O--^    ,        ^>VB 


To  measuro  an  an^  we  prees  the  external  arms  of  the  com- 


Wbat  do  v«  obtain  by  the  eleavaga  of  a  oryitalt     How  doei 
<daavag« oeearl  78.  Wbataragooiomateist  Whati* theprinoipliof 

tfcair  eoBttTHtion  1     What  )■  Hanj ' 

dbymaanaof  hi 


jMsa  agftinst  the  &ces  of  Ui«  crystal  which  eocIoM  the  ut^ 
until  thej  ucuratfll^  touch  thoM  plauM  in  diractiotu  poipadk- 
ulu-  to  the  edge  at  which  they  meet;  this  done,  we  tigfatan  lb 
acrew  0,  by  which  the  mtdb  tn  conflmed.  As  the  oppcwti 
ani^ea  ore  equal,  Iherefora  the  «ngie  indioited  on  the  mrc,  (45° 
in  the  preBent  case,)  ie  the  in^e  of  the  ccyataL 

74.  WoUwton>i  nBMtiag  goelamatar. — "The  reflecting  gnii- 
ometer  affords  a  more  accurate  method  of  meaaaring  eryEUh 
that  haTe  lustre  and  may  be  used  with  those  of  minute  aize.  Ite 
principle  on  which  this  instminent  is  constructed  will  be  unte- 
stood  from  the  annexed  figure,  representing  «  crystal  whMC 
angle,  ab  c,a  required.  The  eje  looldng  at  the  fkce  of  the  a;*- 
tal  (  e,  obserres  a  reflected  image  of  m,  in 
78  the  direction  Pa.     On  rerolring  the oji- 

r  tal  till  afr  has  the  position  of  ft  c,  the  saiae 
>  will  be  seen  again  in  the  sane 
direcUon,  Pa.  As  the  CTTstel  is  tamed  in 
this rovolution  tillafidhas  thepr^wnt  po- 
n  of  be,  the  angle  die,  measum  the 
number  of  degrees  throu^  which  it  it 
revolved.  But  dbe  subtracted  from  180°  equals  the  requirtd 
angle  of  the  crystal.  The  crystal  ia  therefore  passed  in  its 
revolution  through  a  number  of  degrees,  which  subtracted  from 
180°,  gives  the  required  angle.  This  angle  eridently  might 
be  obtained  by  attaching  the  crystal  to  a  graduated  circle  whidi 
should  turn  with  tho  crystal" 

"This  objectisooiiTeniMitly 
accomplished  by  the  ingeniom 
and  simple  contrivance  of  Wol- 
1aEt«n,flg.74.  .<4.Siathedr- 
clc  graduated  to  half  degrees. 
By  means  of  the  Temter.  V, 
minutes  are  meacured.  The 
wheel  M,  is  attached  to  the 
main  axis  and  moves  the  grad- 
uated circle,  together  with  the 
adjusted  crystal.  The  wheel  is 
connected  with  an  axis  that 
pa«MCE  through  the  main  azia, 
which  is  hollow  for  (he  pur- 

14.  VhataratheadvantsgMof Wollaitoa'irefleotinggoDiometarl 
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poM,  and  inoTes  meraly  the  puts  to  which  the  crysUl  is  attached, 
in  order  to  aid  in  its  a^jolfaMnt.  The  contrivances  for  the  a^just- 
mmit  are  *tp,  q,  r.  To  om  this  instrument,  it  must  be  placed  on 
a  smalt  stand  or  table,  and  ■»  elevated  aa  to  allow  the  observer  to 
rest  his  elbows  on  the  table.  The  whole,  thus  firmly  arranged, 
is  to  be  placed  in  front  of  a  window,  distant  firom  the  same  from 
■ll  to  twdve  feet,  with  the  axis  of  the  instrument  parallel  to  it 
Before  operation,  a  dark  line  should  be  drawn  below  the  window, 
near  the  floor,  parallel  to  the  bars  of  the  window;  or,  what  is 
Mill  better,  on  a  slate  or  board  placed  before  the  observer,  on  the 
taWe." 

"The  crjstal  is  attached  to  the  movable  plate  f ,  1^  a  piece  of 
w»x,  and  so  arranged  that  the  edge  of  intersection  of  the  two 
planes,  including  the  required  an^e,  shall  be  in  a  line  with  the 
axis  of  the  instrument  lliis  is  done  bj  varying  its  situation  on 
ttie  plate  q,  or  the  situation  of  the  plate  itself^  or  by  means  of 
the  adjacent  Joints  and  wheel  r,  «,  p."  * 

"  When  apparently  adjusted,  the  eye  should  be  brought  close  to 
the  crystal,  nearly  in  contact  with  it ;  and  on  looking  into  a  &ce, 
part  of  the  window  will  be  seen  reflected,  one  bar  of  which 
must  be  selected,  or  a  cord  stretched  across  the  window  for  the 
experiment  If  the  crystal  is  correctly  adjusted,  the  bar  or  cord 
will  appear  horiiontal,  and  on  turning  the  wheel  n,  till  this  bar, 
reflected,  is  observed  to  approach  the  dark  line  below,  soen  in  a 
direct  view,  it  will  be  found  ta  be  parallel  to  this  dark  line  and 
ultimately  to  coincide  with  it  If  there  is  not  a  perfect  coinci- 
dence, die  adjustment  must  be  altered  until  this  coincidence  is 
obtained.  Continue  then  the  revolution  of  the  wheel  n,  until  the 
bar  or  cord  is  seen  by  reflection  in  the  next  face,  and  if  hero 
there  is  also  a  coincidenee  of  the  reflected  bar  or  cord  with  the 
dark  line  seen  direct,  the  adjustment  is  complete;  if  not,  alter- 
ations must  be  made  and  the  first  fiu»  again  tried.  -  A  few  sue- 
ocasive  trials  of  the  two  fkcee  will  enable  the  observer  to  obtain 
a  perfect  a4)ustment" 

"  After  adjustment,  1S0°  on  the  arc  should  be  brought  opposite 
o,  on  the  vernier.  The  coincidence  of  the  bar  and  dark  line  is 
tben  to  be  obtained  by  turning  the  wheel  n.  As  soon  as  ob- 
tuned,  die  wheel  n  should  be  turned  until  the  same  coincidenee 
ia  observed,  by  means  of  the  next  &ce  of  the  crystal." 

What  ii  the  priaaipU  of  iti 
VMM*  of  WollaitoDt  How  u 
How  to  dte  detanninatieD  mad 
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*<  If  a  line  on  the  graduated  circle  now  corresponds  with  «  od 
the  vernier,  the  angle  is  immediately  determined  by  the  number 
of  degrees  marked  hy  this  line.  If  no  line  corresponds  with  o, 
we  must  ohservc  which  line  on  the  Temier  coincides  with  a  line 
on  the  circle.  If  it  is  the  18th  on  the  yemier,  and  the  lineoo 
the  circle  next  below  o  on  the  yemier,  marks  125^,  the  required 
angle  is  126'^  18',  if  this  line  marks  126''  80',  the  required  an^ 
is  146°  48'." 

**  Some  goniometers  arc  furnished  with  a  smaU  polished  reflector 
attached  to  the  foot  of  the  instrument,  below  the  part  «,  ;,  aod 
placed  at  an  oblique  angle  so  as  to  reflect  a  bar  of  the  window. 
This  is  an  important  improvement,  as  the  reflected  bar  answen 
the  purpose  of  a  line  drawn  below  the  window,  and  is  more  codtc- 
nicntly  used.  This  reflector  may  be  easily  added  to  the  commoo 
instruments,  placing  it  at  an  angle  of  about  45^,  or  such  as  will 
reflect  the  bar  to  the  eye,  when  looking  toward  the  crystal,  while 
observing." 

75.  Oonstancy  of  crystalliiie  form. — Each  crystalline  solid 
has  a  definite  form  of  its  own,  and  as  we  distinguish  the  individ- 
uals of  the  animal  and  vegetable  worlds  by  their  external  ap- 
pearance, so  by  the  difference  in  form  may  the  substances  which 
constitute  crystalline  masses  likewise  be  identified  and  distin- 
guished. 

For  example :  common  salt  crystallizes  in  cubes,  alum  in  octahedra. 
epsom  suits  in  four-sided  prisms,  saltpetre  in  six-sided  prima,  ^c 

The  cr^'stals  of  many  substances  are  so  distinct  from  each 
other  that  their  diflcrenco  would  at  once  be  noticed  by  the 
most  casual  ol)server ;  but  if  other  substances  are  selected  whose 
crystalline  forms  are  apparently  the  same,  careful  observation  will 
show  that  each  has  some  peculiarity  which  distinguished  it  ihm 
the  others.  This  diflcrence  would  be  seen,  if  not  in  the  number 
of  the  &ces,  in  the  value  of  their  included  angles,  or  in  the  fiicil- 
ity  and  direction  of  their  cleavages.  Many  species  might  at 
once  be  identified  by  the  measurement  of  even  one  of  their 
angles.  It  is  upon  this  individuality  of  form  of  different  6pecie8» 
that  the  value  of  crystallography  to  the  chemist  and  mineralo- 
gist depends. 


What  is  the  advantage  of  the  polished  reflectors  attached  to  some 
ooniometers  T  75.  What  is  said  of  the  constancy  of  crystaUine 
forms  ff  Give  ezamplea  How  are  crystals  distinguished  whose  forma 
are  apparently  the  same  f 
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76.  Bbaft  of  tba  nyitalliaa  molaoolMt. — The  form  of  th« 
ultimkte  CTTBUlliDe  molecules  is  supposed  to  be  tpherieal  for 
the  cube  and  other  Dumoraetric  forms,  tpheroidal  for  the  square 
prism,  A«.,  and  BMip«o»iaJ  for  formsoftbelwt  four  systems.  The 
ellipsoid  is  either  that  of  revolutioii,  that  is,  a  form  pvodnoad  bj 
the  revolution  of  an  ellipse  upon  one  of  its  axes,  (called  the  ellip- 
soid of  revolution,)  or  it  is  a  flattened  ellipaoid. 

77.  Diraotlon  of  the  oryitalHne  fbioes. — As  the  same  \ioAj 
BolidtfyEng  under  the  same  circumstances  assumes  alwa;a  the 
same  form,  it  is  evident  that  the  atoms  of  which  it  is  composed 
are  attracted  to  each  other  hj  certain  forces  in  definite  direc- 
tions. If  these  forces  acted  onlj  in  one  direction  there  would 
be  formed  but  a  line  of  spheres ;  if  in  two  directions,  a  figure 
of  two  dimensions,  a  plane  would  be  produced ;  while  if  in  three 
directions,  Ukem  would  be  formed  a  solid  of  three  dimensions, 
bounded  by  six  &ces,  as  the  cube.  It  follows  that  in  each  crya- 
talline  molecule  the  action  of  the  forces  is  in  three  directions, 
which  directions  are  called  axe*  and  their  terminations  poUt. 
These  poles  are  the  centres  of  forces  ;  the  strength  of  atti'action, 
tc,  as  in  the  case  of  all  forces,  acting  in  right  lines,  varies  in- 
versely as  the  square  of  the  distance. 

78.  Zlqnality  of  the  axes  In  oryatalllne  molKiales. — The 
equality  of  the  axes  in  crystalline  molecules  varies  greatly. 
These  molecules  being  uther  spheres  or  ellipsoids,  the  three  axes 
are  either  the  fundamental  ones  or  the  diameters  of  the  particles. 
In  a  sphere,  fig.  76,  the  axes  are  of  equal  length  and  at  right  an^eft  - 
to  each  other ;  hence  the  molecules  will  combine,  and  a  cube 
will  be  formed  by  means  of  the  molecules,  as  by  the  a^r^ation 


76.  What  ie  the  >hap«  of  the  emtalline  moleeolaal    77.  What  it 
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of  an  equal  number  of  cubes.  In  tiiie  ellipsoid  the  three  UM 
may  be  all  unequal,  or  two  of  them  alike.  The  ellipeoid  of  the 
recUngular  prism,  fig.  76,  has  its  axes  at  right  angles  to  each  other, 
but  all  of  them  imequal ;  the  right  rhombic  prism  has  a  mcriecale 
similar  to  the  rectangular  prism,  but  its  lateral  axes,  which  connect 
the  centres  of  opposite  &ces,  are  obliquely  inclined  toward  one 
another.  The  number  of  forms  whidi  can  be  produced  by  ti- 
nations  in  length  and  the  obliquity  of  the  axes  Is  exceedingly 
great 

79.  Ckmditions  of  oryitalUsatloii. — As  crystallization  tencb  to 
force  the  molecules  of  a  substance  to  arrange  themselyes  in  a 
definite  manner,  it  is  necessary,  if  we  wish  to  crystallise  a  body, 
that  its  molecules  be  in  such  a  condition  that  they  are  at  libertf 
to  obey  uncontrolled  the  crystalline  forces  which  are  acting  apon 
them.  The  liquid  and  gaseous  conditions  of  matter  allow  the 
greatest  mobility  among  their  particles,  and  one  of  these  fbrms 
all  bodies  must  assume  before  they  are  enabled  to  crystallise  per- 
fectly. 

80.  Oryitallisation  by  Uqnefiaotioii. — Solid  bodies  may  be  lique- 
fied by  two  means,  a.  By  elevation  of  temperature,  in  conse- 
quence of  which  the  body  melts ;  this  is  the  case  with  metals 
generally,  sulphur  and  many  salts. 

By  simply  cooling  the  melted  portion  of  bismuth  or  sulphur, 
a  crystalline  mass  will  be  formed,  but  more  perfect  crystals  may 
be  produced  by  allowing  the  liquid  to  cool  until  a  crust  is  formed 
over  the  surface.  If  this  is  then  pierced,  and  the  still  liquid  por- 
tion within  turned  out,  the  interior  of  the  vessel  will  be  Ibond, 
after  cooling,  filled  with  crystals ;  in  the  case  of  sulphur,  with 
long  slender  prisms,  (oblique  rhombic  prisms,)  if  bismuth,  with 
obtuse  rhombic  prisms. 

b.  By  iolution, — Many  solids  dissolve  in  water  or  other  liquids, 
forming  a  solution  in  which  all  crystalline  attractions  are  subor- 
dinate, or  disappear  entirely.  Most  salts,  as  common  salt,  salt- 
petre, &c,  will  dissolve  in  water,  others  are  soluble  in  alcohoL 
Many  substances  are  much  more  soluble  in  hot  than  in  cold  water, 
and  by  slow  cooling,  the  excess  is  deposited  in  very  perfect 
crystals. 


What  if  taid  of  the  azee  in  the  different  ellipeoids  ff  79.  What  are 
the  neceesary  and  beet  conditions  for  the  crystalliiation  of  a  body  1 
80.  What  are  the  methoda  of  cryttalHzationby  liquefaction  f  Give 
a  deioriptkm  of  the  first ;  of  the  leoond.    Mention  examples  of  eaoh. 


'DtiB  ii  troa  of  alam  and  Olanbai'i  lalt,  and  a  multitude  of  other 
oampoundB.  and  alao  of  th«  elBmenls,  snlpbuT  and  phoapharna,  when 
diuolved  bj  the  kid  of  heat  in  biiDlpharat  of  carbon. 

Some  Bubstances  are  equally  soluble  in  cold  as  in  hot  water, 
and  ciTBtab  are  obtained  fh)m  their  solutions  only  bj  tmpon- 
tioa  with  or  without  the  aid  of  beat. 

CommoQ  lalt  ia  an  example  of  meb  a  Mib- 
atanee ;  wben  evaporated  very  gently,  aa  by 
aolar  heat,  porfeet  enb«e  are  formed  ;  if  rap- 
idly, aa  by  fire,  a  eonfiued  mau  of  irregular 
eryitaUiae  graina  reaalt,  Somgtim«a  the  float- 
ing eryatali,  ai  they  grow  in  weight  eontinn- 
ally,  bat  alowly,  linb,  giring  rita  to  the  euri- 
oDi  hopper^haped  eryitala  aeen  in  tg,  11. 

Other  Bubstances  in  solution  may  be  obUined  in  a  crystalline 
State  by  precipitation ;  that  ia,  by  the  addition  to  the  liquid  of 
some  other  dissolTed  body,  which  causes  the  first  to  become  insol- 
uble, and  precipitates  as  a  crystalline  powder.  Analytical  chem- 
istry presents  us  numerous  examples  of  this  mode  of  cryBtalU- 
latioD,  due  to  the  lonuation  of  new  compounds  of  a  less  solubility 
than  either  of  the  substances  employed. 

81.  OryatalllxBllaD  froni  Uw  gaaeoua  itala,  or  mbUmatioD. — 
Many  substances,  by  an  eleration  of  temperature,  assume  the 
vaporouB  or  gaseous  condition,  and  upon  the  cooling  of  these 
rapors,  the  substances  are  deposited  in  crystals. 

This  ia  tbe  eate  with  camphor,  which  Taporiu*  and  eondeniea  at 
oommoD  temperatam  ia  the  jar  of  the  apothecary,  in  diitinet  and 
brilliant  cry  (tab  upon  theeooleraurfao*.  Iodine,  when  heated,  b«- 
oomea  a  violet  vapor,  and  thii,  on  cooling,  condaoiat  on  tbe  eooler 
portion  of  the  containing  vewel,  in  black  oryatala  of  the  rhombic  >yi- 
tem;  other  inatancM  of  uryatalliEation  from  the  gaaeoiu  itate  arc  u- 
aenie,  lalphnr  and  tal  ammoniac 

82.  Ba^UOtj  of  oryMtamaatlow^-The  more  slowly  a  liquefied 
or  vaporized  body  is  brought  into  the  solid  state,  the  ffewer  but 
more  perfect  are  the  crystals.    If  the  crystallization  proceeds  rap- 
How  ia  the  cryatallization  of  a  aubatance  affected  which  ia  equallr 

aolubl*  io  a  hot  or  a  cold  liquid  f    Mention  an  aiampte.     What  la 
aaidafcryatalliiatioa  by  prMlpitationl    Oive  examplea.     81.  What 
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idly,  there  result  manj  crystals  but  imperfectly  developed.  To 
obtain  large  and  perfect  crystals^  a  solution,  as  of  alum,  not  quite 
saturated,  is  slowly  cooled;  a  few  distinct  crystals  are  thug 
formed ;  the  more  perfect  are  placed  separately  firom  one  another 
in  a  slightly  warm  solution  of  alum,  which  has  a  little  more  of  the 
substance  dissolved  than  it  can  hold  up  at  the  ordinary  tempen- 
ture ;  upon  cooling,  this  excess  is  deposited  upon  the  small  crystals 
which  are  placed  in  the  solution.  By  turning  the  crystals  fre- 
quently and  replacing  the  solutions  as  they  become  cold  and 
exhausted,  crystals  of  large  size  emd  perfect  regularity  are  ob- 
tained    This  has  been  termed  the  nourishing  of  crystals. 

83.  Production  of  crystalline  structure  by  vibmftioii. — ^The 
tough  and  fibrous  character  of  iron  is  produced  by  art,  and  the 
metal  of  this  description  has  a  tendency  to  assume  its  more  nat- 
ural condition  of  crystallized  iron.  Continued  Tibration  pro- 
duces this  effect  after  a  certain  time. 

Masses  of  iron  exposed  to  constant  vibration,  as  the  axles  of  rail 
cars,  the  shafts  of  machinery,  dec,  fibrous  and  tough  at  first,  grad- 
ually alter  their  molecular  condition,  and  become  crystalline  and 
brittle.  The  broken  nxle  of  a  rail  car  often  reveals  a  very  distinct 
crystalline  structure.  It  may  be  mentioned,  that  in  the  same  bar 
all  parts  are  not  to  the  same  degree  affected ;  those  parts  which  are 
most  exposed  to  vibration,  are  found  to  undergo  a  more  dedided 
change. 

84.  Development  of  cr5nitalline  structure. — 1.  CorroMeJluidt, 
(as  acids,)  will  often  develop  a  crystalline  structure  in  a  mass,  (as 
of  iron,)  in  whose  polished  surface  the  eye  detects  no  appearance 
of  such  structure.  The  outlines  of  the  crystals  in  the  mass  are 
less  soluble  than  other  portions,  and  thus  remain  in  relief  while 
the  softer  parts  are  corroded  and  removed. 

Thus  when  tin  plate  is  washed  with  a  dilute  acid,  crystalline  forms 
are  seen  to  cover  it,  resembling  frost-work  on  a  window  pane ;  tin 
plate,  thus  treated  and  afterwards  varnished,  forms  the  moir^e  mt- 
taUique,  By  treating  polished  plates  of  meteoric  iron  in  the  same 
way,  long  lines  intersecting  uacii  Diher  to  funa  triuiiguUr  fignres. 

Give  an  example  of  the  nourishin|^  of  crystals.  83.  What  effect 
has  vibration  on  the  molecular  condition  of  a  solid  ?  Give  exam- 
plea  84.  llow  may  a  crystalline  structure  often  be  developed  I 
what  is  said  of  tin  plate  f    Of  meteoric  iron  ? 
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mora  or  Ism  flnt  od  different  ipeoinuiu,  mra  imii  to  eoT«r  it ;  th«M 
fbrau  are  sallad  WidnuuiDitAttain  flgnrM. 

S.  By  tine.  Although  a  body  cumot  form  large  uid  perfect 
ajBtals,  unlws  it  become  either  liquid  or  gaseous,  jet  we  find 
maiij  osee  of  amorphous  bodies  in  time  beoomiug  crystalline, 
without  leaving  the  solid  state. 

Sugar  eandy,  traniipareat  and  amorphoiu  at  fint,  beoomaa  gradii' 
naltj  opaque  and  oryitalline.  Agaio,  arseaioos  acid,  heated  quiakly 
or  undsr  praasare,  melts  to  a  tranepareot  oolorleaa  glaaa  ;  thii,  after 
a  few  monthi,  becomee  vhite,  opaqne,  aad  crjitalliae.  GlaM,byli>ng 
eontiaagd  heat,  becomei.  even  while  solid,  quite  apaqas  aad  erf  stal- 
line.  (Reaamer'i  porcelain.)  Again,  brau  and  ailrer,  when  fint  oast, 
poauu  eoniidarable  tonghneas,  and  their  fractare  furniahee  no  evi- 
dence of  crjitalliDs  arrangement ;  by  repeated  heatings  andcoolingi, 
and  MpMially  by  vibration  under  tension,  a  different  arrangemsnt 
of  the  molMUles  resulta,  the  mass  becomes  brittle  and  sometimea 
diaiotagratea,  the  sarfaos  of  the  fraclnre  showing  a  distinct  cryatal- 
lina  stmctDre ;  this  is  very  often  obserrad  in  common  brass  wire; 

85.  Beparation  of  aalta  b^  oryataUlsatioii. — As  salts  possess 
different  degrees  of  solubility,  (ryetallixation  is  often  resorted  to 
to  separate  them  from  ono  another.  At  a  certain  degree  of  con- 
centration of  a  liquid,  containing  a  number  of  aalta  in  solution, 
one  of  them  will  be  depoaited,  the  rest  remaining  dissolved.  If 
the  salts  have  the  same  crystalline  form,  they  cannot  be  sepaiatad 
fh>m  each  other  in  thia  way.  By  repeated  cryaUUizations  of 
injure  salts,  we  may  often  obtain  them  perfectly  pure ;  the  evap  -  . 
oration  being  carried  on  gently,  the  molecules  are  deposited 
slowly,  thus  diminishing  tho  entanglement  of  the  impurities 
among  the  crystalline  particleti.  The  crystals  thus  produced, 
freed  as  much  as  possible  from  the  liquid  portion,  (the  mother 
liquid,)  are  again  dissolved  and  re-crystallized,  and  by  repetitions 
of  this  process  the  pure  salt  is  obtained. 

86.  SttddBD  oryatBlUaaUoo. — There  are  certain  remarkable 


What  is  said  of  amorphuui  bodies  beaaming  crjitalliied  by  Ume  \ 
Heiition  tlie  exantplea  of  an  jur  oanJy  snd  urieniaus  acid.  What  ef- 
fect have  repeated  heatini^  and  coolings  npon  brau,  dec.  I  B5.  How 
are  many  snltssaparaCol  hy  Rryttslliiaiioii  I  I{<>w  are  salts  obtained 
psrfeatly  pura  f     SS.  WJi.a  is  saiJ  of  sud  \j.\  cryitullixation  t 
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Some  solutions  m&j  be  cooled  below  the  temperature  mt  wkkk 
they  ordinarily  crystallize  and  still  remain  liquid,  proYided  tbit 
they  are  kept  perfectly  at  rest  and  in  closed  or  ooyered  TeBsdi; 
but  the  addition  of  a  solid,  or  the  agitation  of  the  liquid, 
them  immediately  to  crystallize. 


A  Bolution  of  Glauber's  salts,  (sulphate  of  aoda,)  in  its  own 
of  hot  water,  slowly  cooled  in  a  closed  flask,  (best  elossd  when  Un 
solution  is  boiliui;,)  will  remain  fluid  indefloitdy,  proTided  the  tcmI 
is  kept  at  rest  When,  howeyer,  the  cork  is  withdrawn,  the  cos- 
cuEsion  of  the  air,  a  slight  jar,  or  a  single  crystal  of  the  salt  let  M 
into  the  fluid,  will  instantaneously  couTcrt  it  into  a  solid  mass  d 
coDfbsed  crystals. 

Again,  water  may  be  cooled  to  26^  or  27^  F.,  which  is  6  or  7*  bdov 
its  ordinary  freezing  point,  without  solidifying ;  bnt^  if  itis  shskcs 
or  touched  with  anything  solid,  crystals  of  ice  dart  through  it^  and 
soon  the  greater  part  becomes  a  solid  mass,  the  temperatore  of  whiA 
rises  to  82<>  F. . 

Every  winter,  in  this  latitude,  gives  us  abundant  demonstrations 
of  this  fact  in  our  own  experience 

87.  Change  of  dimensions. — Expansion  at  the  moment  of  so- 
lidification is  a  fact  of  familiar  occurrence,  and  is  owing  to  a  new 
arrangement  of  the  crystallogenic  molecules  in  the  act  of  crystal- 
lizing. 

Thus  water,  whose  particles  are  spherical,  expands  about  one^ninth 
of  its  volume  on  becoming  ice,  (which  has  a  rhombohedrml  form,) 
and,  as  is  well  known,  exerts  such  force  in  undergoing  this  physiesl 
change  as  to  burst  the  strongest  vessels  of  wood  or  metal,  and  stcb 
to  rend  solid  blocks  of  granite. 

Type  metal,  an  alloy  of  lead  and  antimony,  has  the  same  peea* 
liarity,  and  hence  sharp  and  pei*fect  casts  are  made  by  it,  as  well  ss 
by  bismuth.  On  the  other  hand,  lead,  copper,  gold,  and  silTer, 
crystallize  in  forms  of  the  monometric  system,  and  therefore  ooonpy 
less  space  after  than  before  solidification ;  hence  they  shrink  in  die 
moulds  and  are  unfit  to  produce  sliai^p  casts. 

88.  Development  of  heat. — A  development  of  heat  takes  place 
in  the  crystallization  of  all  bodies.  When  the  crystallization  is 
slow,  the  amount  of  heat  developed  at  once  during  crystallij 


Give  tlie  example  of  Glauber's  salts,  and  of  water.  87.  Wliat  is 
said  of  expansion  during  crystal! iut ion?  Give  the  examples  of 
water  and  type  metal,     what  is  naid  of  lead,  copper,  <l:c 
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tion  is  Terj  inconsiderable,  tnd  in  most  cases  the  rise  of  tetnpe- 
TBture  cannot  be  observed ;  when,  however,  the  crjrstalliswtioQ  is 
rapid,  the  effect  is  decided,  and  in  tnan^r  inetances,  the  amount 
of  heat  developed  is  truly  surprising. 

Uaiboff  mentioDi  a  remarkable  riie  of  temperature  in  the  erya- 
talliiatioD  of  acetate  of  loda,  a  highly  eoncentrated  eolation  of 
vhieh  eooled  to  fiO°  F.,  remaiaed  liquid;  upon  stirring  with  a  glan 
rod,  it  lolidified  into  a  Sbron*  man,  and  the  temperattire  roie  to 
1»8'  F. 

89.  Dsvalopmsnt  of  U^iL — Crystallization,  in  rare  cases,  ia 
attended  with  the  development  of  a  brilliant  sparkling  light 

A  hot  (olntion  of  areeDioni  add,  !□  hydroehlorie  aoid,  left  to  cool, 
deptwita  cryitala,  and  M  each  Mparalea,  a  vivid  flaih  aeeompaniM 
it.  A  solation  of  lolphate  of  potuh  ii  oflea  leen  to  develop  light 
while  erjetall icing.  So  a1>o,  the  mixed  lolntiana  of  the  ■ijphalea 
of  potaeh  and  aoda ;  inlphate  of  pota«h  aud  aommon  lalt,  and  otiiar 
■imilar  ea«e«.  after  theee  compoundi  have  undergoiie  finion,  present, 
apon  cryitalliziug,  a  similar  appearanca 

The  conditions  necessary  to  produce  this  phenomenon  are  but 
very  imperfectly  understood,  and  it  does  not  always  happen  even 
under  apparently  the  same  circumstances  which  have  before  pro- 
duced it  This  development  of  light  ts  supposed  to  depend  in 
every  case  on  the  pass^e  of  the  body  from  the  amorphous  to  the 
CTTsUlline  state.  When  crystals  are  suddenly  broken,  light, 
(possibly  electrical,)  is  also  evolved. 

'nin*.  where  two  lamp*  of  eryatalliDe  white  lugar  are  rubbed  td- 
gether  ia  a  dark  plaee,  a  distinct  flash  is  aeeQ  ;  also  when  the  lam- 
iuM  of  mica  are  torn  suddenly  apart 

00.  AmorphJjRn — Amorpbism  is  that  state  of  a  solid  in  which 
there  is  no  trace  of  a  crystalline  structure ;  examples  of  such  a 
state  are  seen  in  common  glass,  gun-flint,  wax,  obsidian,  sugar 
candy,  tc  An  amorphous  body,  having  no  planes  of  cleavage, 
is  broken  in  one  direction  as  easily  as  in  another.     Bodies  are 

88.  What  ia  aaid  of  the  davelupment  of  hsat  during  cryslalliia 
tion  I  Oive  an  Binmp]«,  89.  Mention  example*  of  the  develop 
ment  of  light  daring  crystal lixalion.  Are  the  conditions  for  this 
phenomsua  welt  understood  t  Upon  what  ia  it  auppeeed  to  depend! 
M.  What  isamorphitmt 
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generally  more  soluble,  less  hard  and  densei  in  the  amorphoos 

than  in  the  crystalline  state. 

The  property  of  toughneas,  Been,  as  for  example,  in  emery,  (a■M^ 
phous  corundam,)  and  horn  stone,  (amorphous  quarts,)  is  mvA 
more  highly  developed  in  the  amorphous  substanee,  tluui  in  thecr}*- 

talliee  variety. 

An  amorphous  body  may  be  produced  in  a  number  of  ways; 
for  example,  by  fusion,  as  in  the  case  of  glass ;  by  evaporatioB 
of  solutions,  as  those  of  the  gums  and  glue  in  water ;  and  bj 
precipitation  from  their  solutions,  as  is  the  case  with  alumint 
and  phosphate  of  lime. 

91.  Dimoxphiam. — ^A  substance  which  crystallizes  in  two  sjs- 
tems,  or  takes  two  forms  in  the  same  system,  which  are  inooo- 
patible  with  each  other,  that  is,  whose  corresponding  angles  ren- 
der it  impossible  to  reduce  them  to  the  same  form,  is  said  to  bs 
dimorphous,  (from  dis^  twice,  and  marphe^  form.) 

Sulphur  is  an  example  of  a  dimorphoas  body ;  we  haye  spoken  of 
its  crystallization  before ;  from  its  solution  in  sulphuret  of  carbon,  it 
crystallizes  in  rhombic  octahedrons ;  the  crystals  resalting  from 
fusion  are  oblique  rhombic  prisms ;  these  forms  belong  to  diffeffest 
systems.  Carbonate  of  lime,  (in  aragonite,)  orystalliaes  as  rigkt 
rhombic  prisms,  and  (in  calc  spar)  as  obtuse  rhomboida.  Ozyd  of 
titanium  occurs  in  two  forms  belonging  to  the  same  system,  but 
these  forms  are  incompatible.  Carbon  is  dimorphous,  crystal Uang 
as  diamond  and  graphite  in  forms  belonging  to  different  a3*atems; 
so  also  is  sulphuret  of  iron.  Among  the  elements  which  are  dimor- 
phous, may  be  mentioned,  besides  sulphur  and  carbon,  also  antimoay, 
arsenic,  phosphorus,  and  copper. 

In  certain  cases  of  dimorphous  bodies,  one  form  of  the  crystals, 
on  being  subjected  to  the  temperature  at  which  the  other  form 
is  assumed,  are  found  to  lose  their  transparency,  and  although 
their  external  form  may  be  preserved,  yet  the  mass  is  made  up 
of  small  cr^'iitala  having  the  second  fomL 

92.  Temperatura. — Temperature  is  supposed  to  be  one  of  the 
chief  causes  which  determine,  in  a  dimorphous  body,  the  form 
its  crystals  shall  take. 


What  is  said  of  amorphous  bodies  ?  What  of  emery  and  horn 
stone  f  91.  What  is  dimorphism  f  oive  examples  of  dimorphous 
bodies. 


^M  lodid  of  mensnry  inttlitDsa  at  ■  g«oUa  haat  m  iqiun  bu«d 
oatkhedrt  belonging  to  tha  dimstrieifatem;  >ta  higher  Mmperstiira 
tha  luhtimata  forma  cryataU  belongitig  to  tha  monoclinio  aygtam. 
Another  iuaCanoa  ia  leaa  in  «arbonata  of  lime,  a  solution  of  wUioh 
in  vatar  eoDtuaing  sarbonie  acid,  allowed  to  «Taporate  apontane- 
onatj,  depoaita  mioroaoopic  cryatata  of  ealo  apar ;  it  ia  obaarved  of 
tha  aame  aolution,  that  svaporated  at  ltS°,  the  graater  part  of  tha 
aalt  i>  erjitalliied  aairagonile;  at  a  higher  temperatara,  vhen  (baed 
nader  preaanra,  we  obtain  tha  carbonate  of  lime  in  tha  aame  form 
(ealo  apar)  aa  when  iU  aolution  ii  allowed  to  evaporate  alovlj. 

S3.  JXSmnmom  In  phyilMl  propcrtiaa. — We  obserre  a  remark- 
able difierence  in  the  phjBical  properties  of  dimorphous  bodies, 
accompanying  their  change  of  form  as  regards  spedflc  grsTity, 

1.  ^etyfie  gravity. — Sulphur  and  carbonate  of  lime  offer  good 
illustrations  of  the  different  specific  graTitj  of  the  same  sub- 
stance, crystallised  in  two  forms.  Octahedral  crjstals  of  sulphur 
hw  the  specific  gravity  of  2-05,  while  tbe  priunatic  crystals  ob- 
tained from  fiuion  have  a  specific  gravity  i^  1-98.  We  can  fbrm 
crystals  of  aragonite  by  precipitatioD,  having  the  specific  gravity 
of  SillQi  if  these  are  allowed  to  remain  in  the  liquid  in  which 
they  were  precipitated,  they  are  gradually  converted  into  calc 
apar,  and  have  the  specific  gravis  of  a-TlS. 

3.  Color.— The  two  forms  of  iodid  of  tnercut;  have  different 
otdors.  The  square  odchedm  b«iug  yellow,  while  the  second 
form,  produced  at  a  higher  temperature,  is  a  scarlet  red.  Again, 
with  biaulphuret  of  iron,  one  form  is  ofa  bronze  yellow  color,  (mar- 
casite,)  while  the  other,  (white  iron  pyrites,)  has  a  color  approach- 
ing tin  white. 

8.  DyS^erenee  in  ehtmieal  propertitt,  also  accompaniee  differ- 
ence in  form  of  dimorphous  bodies.  A  striking  example  of  this 
IB  seen  in  the  case  of  sulphuret  of  iron,  marcasite  being  remark- 
ably permanent,  water  and  air  having  no  effect  upon  it ;  while 
the  white  iron  pyrites,  when  exposed  to  most  air,  absorbs  oxygen 
with  avidity,  and  finally  i»  converted  into  protosulphate  of  iron, 
(green  vitriol) 

4.  Stability  qf/arm. — The  two  forms  of  a  dimorphous  body 

eg.  What  ia  aaid  of  temperature  afTeoting  dimorphoua  bodiea  * 
Mention  the  examplea  of  iodid  of  mercury  and  carbonate  or  lime' 
91.  Vbat  is  Mid  of  the  apaoi&e  sravitv  of  dimorpbons  bodiei? 
What  of  (hair  eolort  What  ia  aaid  of  the  difference  in  chemical 
propartiaal 
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are  not  equally  stable ;  one  form  appears  as  the  more  natord, 
and  the  other  is  seemingly  forocd  upon  it,  so  that  time,  or  a 
slight  change  of  circumstances,  will  cause  an  alteration  in  iti 
molecular  arrangement,  causing  it  to  assume  the  other  form. 
The  prismatic  crystals  of  sulphur,  gradually  lose  their  transpa- 
rency, and  are  soon  converted  into  a  mass  of  ri^t  rtiombie 
prisms,  identical  with  those  obtained  firom  the  solution  of  solphnr 
in  sulphuret  of  carbon.  The  rhombic  prisms  of  arsenions  add, 
when  exposed  to  the  air,  fitll  into  a  duU  white  mass,  which  is  id 
assemblage  of  octahedrons.  A  crystal  of  aragonite,  exposed  to 
a  low  red  heat,  forms  a  coarse  powder,  which  consista  of  crystab 
of  calc  spar.  If  the  yellow  modification  of  iodid  of  mercury  ii 
crushed,  the  point  subject  to  friction  immediately  becomes  scariet^ 
and  gradually  this  color  extends  over  the  whole  mass ;  a  sensible 
mechanical  movement  may  be  observed,  pending  this  change,  aU 
of  the  crystals  changing  to  the  form  usual  to  the  scarlet  variety. 

94.  Trimorphiam«--(From  tris,  three  times,  and  morphe^  form.) 
A  substance  which  crystallizes  in  three  forms,  belonging  to  dif- 
ferent systems  of  crystallization,  or  to  the  same  system,  but  in- 
compatible with  each  other,  is  tnmorphous. 

Sulphate  of  nickel  exhibits  this  peculiarity;  below  59^P  it  crystal- 
lizes in  right  rhombic  prisms,  between  59°  and  68°,  in  acute  square 
based  octahedrons ;  above  86°,  in  oblique  rhombie  priama  These 
three  forms  belong  to  different  sy sterna  Sulphate  of  zine,  seUniate 
of  zinc  and  seleniate  of  nickel,  also  crystallize  in  the  same  forma  as 
does  sulphate  of  nickel. 

95.  Polymorphiam. — As  it  is  not  improbable  that  substances 
may  be  found  to  crystallize  in  more  than  three  forms,  the  word 
polymorphism,  (from  polv4i,  many,  and  viorphe^  form,)  has  been 
proposed  to  include  all  cases,  no  matter  what  may  be  the  number 
of  forms  which  a  body  assumes. 

9G.  Pseudomorphism. — (From  pseudos^  false,  and  marphe, 
form.)  A  pseudomorphous  crystal  is  one  that  has  a  form  foreign 
to  the  species  to  which  it  belongs.  This  change  of  form  is  ao* 
complishcd  in  a  number  of  ways. 

1.  By  alteration. — In  which  some  of  the  constituents  of  the 
mineral  are  removed  or  exchanged,  and  others  added. 


What  of  tlie  stability  of  form  of  dimoq)houB  bodies  ?  Mention 
the  example  of  sulphur,  iodid  of  mercury,  Ac.  94.  What  is  tri- 
morphism  T  Mention  examples  of  trimorphons  substances.  9S. 
What  is  meant  by  polymorphism  f  98.  What  is  a  pseudomorphous 
crystal  f 
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As,  for  ttanipls.  wiQk  tnhjirilt,  gimdaally  ohanging  to  gjpaam 
bj  tbe  atworption  of  vater ;  or  iron  pyrites,  «bicb  hy  Ihe  Iom  of 
Hilphnr  and  th«  absorptioa  of  oxygen  aoil  waUr,  baoomea  red  or 
brown  iron  ore  ;  again,  galena  (aulphuret  of  lead1  i*  eoDverUd  into 
milphate  of  lead  bj  the  abaorpUoo  of  oxygen  alone. 

2.  S]f  rtplaetmtnL — As  petrified  wood  has  been  changed  into 
Btone  by  the  gradual  deny  of  its  mass,  and  a  corresponding  re- 
placement by  th«  petri^ring  substance,  in  ■  similar  manner  cer- 
tain otsUIb,  on  undergoing  solution,  hare  bad,  with  equal  pro- 
gress, their  cavitiGa  filled.  Crystals  thua  formed  are  called  pseu- 
domorphs  bj  replacement 

Examples  of  thii  oIbm  are  qnite  nnmeroiu ;  among  them  are  tbe 
replaaemant  of  cslo  (par  by  gypmm,  hiavy  spar  by  ealo  spar,  &a, 

8.  By  infiltraUoit. — Fseudomorphs  by  infiltration  are  formed 
when  crystals  are  gradually  removed  by  solution,  and  leaving 
canties  exactly  corresponding  to  their  form,  by  inflltratiOD  have 
bad  theae  cavities  completely  filled  with  another  species,  whoaje 
figure  will  then  resemble  the  first 

Hill  Bubie  oryatal  of  salt  in  elay  might  gradually  be  removed, 
and  ita  place  nipplied  by  gypaam. 

4.  Bj  ituruatalio*. — This  class  of  paeudomorphs  is  formed  by 
the  incmstation  of  one  mineral  by  the  mass  of  another,  the  latter 
being  depcaitsd  upon  the  first  in  such  a  state  that  it  is  completely 
inclosed ;  the  mass  within  is  aRerwards  dissolved  away,  leav- 
ing a  cavity  behind,  which  perfectly  corresponds  to  the  original 
CTJstaL 

Cryatali  of  flaor  ipar  having  bean  subjected  to  lueh  a  trastmsnt, 
have  left  hollow  crystals  of  qaarti. 

97.  Oaniea  of  paeuduiiiunilLisiM — The  causes  which  produce 
pseudomorphs  are,  water,  which  exercises  a  more  powerful  ac- 
tion than  might  be  supposed.  When  the  water  is  oold,  it  con- 
tains carbonic  acid  in  solution,  and  then  deoomposes  many  mine- 

UeDtion  examples  produced  by  ilterstioa  snd  change  in  oliemical 
eompositian.  How  is  a  pseudomorph,  by  replacement,  produced  T 
llention  examples.  How  are  p^endomoTphs  by  inflltration  formed  I 
Meation  a  possible  exsmpla.  How  are  psendomorphi  by  inerosta- 
tion  prodDosd  I     Mention  an  example. 


62  CErSTALLSRATtOV. 

nls,  even  those  whidi  are  mpparently  unaltenble,  siigIi  as  born- 
blende,  feldspar,  ftc  ;  when  hot,  its  action  is  more  decided,  and 
combined  with  pressure,  its  solvent  powers  are  so  great  that  evcD 
silicic  acid,  (sand,)  one  of  the  most  insoluble  of  subBtances,  is  dis- 
solved largely  by  it  The  known  chemical  reactions  which 
would  occur  in  waters  holding  in  solution  different  oompoundi, 
would  account  for  many  of  these  changes ;  the  action  of  the  ex- 
haling gases  from  the  earth,  whether  or  not  in  conjunction  with 
volcanic  action,  must  exert  a  decided  influence ;  while  the  gradoal 
oxidation  of  many  minerals,  and  the  reactions  which  might  occur 
with  their  products,  show  that  the  atmosphere  exercises  a  pow- 
erful effect  in  the  production  of  this  class  of  phenomena. 

98.  IsomoxphiBm« — Isomorphism,  (firom  i$09,  similar,  and 
phe^  form,)  signifies  identity  of  cr3r8talline  form.  Its 
in  chemistry  is  limited  to  those  substances  which  not  only 
the  same  form,  but  also  an  analogous  chemical  composition.  Thus 
it  is  not  usual  to  speak  of  octahedral  alum  and  diamond  as  being 
isomorphous  substances,  although  their  crystalline  form  is  the 
same ;  but  the  term  is  applied  to  those  bodies  which,  like  mag- 
netic oxyd  of  iron,  (FeO.FeaO 3)  chrome  iron  ore,  (CrO.CrjO,) 
and  spinel,  (MgO.AlsOa,)^^®  1^0^  only  the  same  form,  but  also 
an  analogous  chemical  composition,  and  are  therefore  truly  iso- 
morphous. 

It  is  found  that  compounds  whose  chemical  composition  is  the 
same,  although  they  may  have  a  close  similarity  in  form,  •  yet 
careful  measurements  show  a  difference  in  the  length  or  inclLoa- 
tion  of  their  axes. 

Such  a  difference  is  obeerved  in  the  case  of  the  earbonatea  of  dne^ 
magnesia,  iron  and  lime,  all  of  -which  crystallise  in  rhombohedray 
yet  their  corresponding  angles  are  not  identical,  bat  show  a  differ- 
ence, amounting  in  one  case  to  3°  or  4^. 

These  differences  may  arise  (Kopp)  from  a  difference  in  the 
atomic  volume  of  their  ultimate  molecules.  We  must  remember, 
also,  that  iron  and  zinc  crystallize  in  different  systems,  and  it  is 
not  remarkable,  therefore,  that  their  corresponding  compounds 
should  show  a  slight  difference  in  form. 

97.  What  is  said  of  the  action  of  wnter  in  producing  paeado- 
niorphst  What  of  watrrs  holding  in  solution  different  compoundaf 
What  of  the  atmosphere  f  98.  What  is  meant  by  isomorphism  T 
Give  examples  of  isomorphous  substances.  Uow  are  slight  differ^ 
•ncca  in  the  forms  of  isomorphous  compounds  accounted  for  f 
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iBotDorpbous  bodiw  repUce  tmcti  other  in  ehemickl  o 
without  produdng  an  j  alteration  in  the  CTTsUUine  figure  of  that 
compound,  excepting  BometimM  small  angular  diSerencea.  With 
certain  simple  Bubstances,  poeseesing  the  same  cry Btallin«  form, 
the  corresponding  compounds  of  these  elements  with  other  hodiea, 
have  also  the  same  crystalline  figure. 

ATMnia  and  antimoDj,  for  inttanee,  «rj*talliu  ai  acnta  rhombobe- 
drona.  Aneniona  aoid,  (AaOs.)  baa  the  aame  f<H7D  a«  antimooiouaa 
add,  (SbO  j) ;  further,  it  ii  found  that  man;  of  th«  aalta  of  ananioD 
acid  baT«  th«  aame  form  m  the  oarreapoDding  aalta  of  antimoniooa 
acid ;  certain  otber  elameDta,  whoae  arf  Malliaa  form  in  the  leparate 
■tate  IB  anknown,  are  foand  to  be  laomorphooa  in  aertain  of  their 
eomponndg.  Thoa  the  axjda  of  the  metali  mangaDese,  magnesium, 
lino  and  iron,  are  iaomorphona  in  their  eotabinatiau  with  oarbonie, 
iolpburio  and  aelenie  soids. 

It  sometimes  happens  that  a  single  atom  of  one  element  in  a 
compound  will  be  replaced  hj  ttro  or  more  atoms  of  another  ele- 
ment without  its  ciTstalline  form  being  altered,  as  is  the  esse 
with  chlorid  of  ammonium,  (NH^  CI,)  and  chlorid  of  potasKom, 
(KCl,)  the  one  equivalent  of  nitn^en  and  four  of  hydrogen  being 
replaced  by  one  of  potassium.  Two  equivalents  of  sulphur  are 
isomorphous  with  one  of  antimony  and  one  of  arsenic 

It  has  also  been  observed  that  one  atom  of  magne«ia,  protozyd 
of  iron,  or  of  manganese,  may  be  replaced  by  three  atoms  of  watw, 
or  one  atom  of  copper,  by  two  atoms  ofwaterwitbout  change  in  its 
crystalline  form.  One  of  the  most  interesting  instances  of  repbtcv- 
meot  ocean  in  the  case  of  common  alum,  composed  of  potash,  alu- 
mina, sulphuric  add  and  water,  (having  the  formula  AlaO).8SO| 
+KO.SO,+24HO,)  we  may  replace  the  potash  by  soda,  or  ammo- 
nia, and  the  alumina  by  sesquioiyd  of  iron,  or  sesqnioxyd  of  chro- 
mium, without  its  crystalline  form  being  altered.  This  replacing 
In  a  compound  of  one  of  its  elements  by  snotber,  isomorphous  with 
it,  occurs  in  tiie  proportions,  by  wei^t,  indicated  by  the  chem- 
ical equivalents,     ^us  in  the  case  of  the  alum  just  referred  to, 


antimony, 

by  two  or  mora  of  anothcrl  Oive  examplaa  of  auch  replacement). 
HantioD  the  replaeemant  ocoarriag  in  the  caa«  of  common  alum.  In 
what  proportiona,  by  weight,  d«  uia  raplacamanta  oeenr  1 
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the  potash  is  not  replaced  by  an  equal  weight  of  sodoi,  but  the 
transfer  is  made  in  the  proportions  indicated  bj  their  equxvi- 
lents  being  47'  potash  repUced  by  81*  soda,  and  in  a  siniilar 
manner  for  the  other  elements. 

Strength  of  MateriaU. 

99.  By  strength  of  mat«rials  is  understood  the  resistance  of 
solid  bodies  to  forces  which  tend  to  separate  their  particles  bj 
tearing^  hreahing^  or  compressing  them.  Experiments  to  deter- 
mine the  laws  of  this  resistance  are  obstructed  by  practical  diffi- 
culties, arising  from  the  great  forces  which  must  be  applied,  and 
from  the  inequalities  of  strength  in  the  materials  themselres. 
As  the  variations  are  more  numerous,  experiments  must  be  multi- 
plied, so  that  the  extremes  of  strength  and  weakness  may  balance 
each  other  in  the  law  finally  deduced  The  details  of  this 
subject  belong  to  architecture  and  engineering,  in  which  arts  it 
is  of  the  highest  practical  importance,  but  some  of  the  general 
results  of  experiment  will  not  be  inappropriate  in  an  elementary 
work  on  Physics. 

100.  The  absolute  strength,  or  tenacity  of  a  body,  is  the  rcais- 
tance  to  a  force  applied  in  the  direction  of  its  length,  and  tending 
to  draw  it  asunder.    This  resistance  is  evidently  proportional  to 
the  transverse  section  of  the  body,  for  the  cohesion  of  two,  three, 
or  four  times  as  many  particles  must  be  destroyed,  if  the  area  of 
the  section  is  increased  two,  three,  or  four  times.     If  a  wire  sup- 
ports a  certain  weight,  two  such  wires,  or  one  of  double  size  of 
the  same  quality,  will  support  a  double  weight     Tenacity  is  not 
modified  by  length,  except  that  the  probability  of  casual  defects 
increases  with  the  length.     Tenacity  is  measured  experimentally 
by  securing  one  end  of  the  body  to  a  fixed  point,  and  hanging 
gradually  increasing  weights  to  the  other,  until  it  is  broken. 
The  breaking  woight  n^asures  the  absolute  strength.    To  com- 
pare the  strength  of  different  bodies,  we  must  assume  a  unit  qf 
area  ;  the  one  usually  chosen  is  one  square  inch.     The  following 
table  gives  the  absolute  strength  of  some  of  the  more  important 
bodies,  expressed  in  pounds  for  one  square  inch  area  of  the 
transverse  section. 


d\i.  Whnl  is  meant  by  utren^th  of  materials?    l(X).  What  is  meant 
by  the  abeolute  strength  of  a  boily  f     How  ia  tenacity  measured  f 


BtMl,  DDUmp.,  110,690— 1»,0M 
"  Umper'd,  1 14,7  »4— 168,741 
"     cwt,  .  .  .1S4,3GS 

Irm,  bu,  .  .  S8,18!—  84,611 
"  wire,  .  .  M,7B0— lia,eOO 
"      cut,    .  .     16,243 —  19,464 

Bilvar,  cut,  .  .  .  40,991 

Cop'r,  do.,     .  .  !0,S20—  87,3B0 

Bran,  do.,  .  .  .  17,947—  19,478 
"       wirs,.  .  .  47,114 —  SB,9Bt 

OoM. 20,490—  efi.237 

Tin,  cut,      .  .  .    4,TS6 

Ziae.  £,S20 

Lrad, 687—     1,824 


&"'■ 

.     9,680 

Oak,    .... 

Box, 

Aih 

ST':::; 

.  9.720—  16.040 
.    12.240 

.  10,887—  S6,861 
.     14,310—  S4,0t8 

.  18,480—  88.486 

.   10,088—  14,966 

Sd.ooue:— 
Hemp  twi.Ud,  J  lo  1  ioofa,  8,746 

8—6       "       G,846 

6—7 


4.860 


Wrought  melala  ar^  mora  tenaaiona  than  cait,  and  alloji  are 
aometiiinea  ilroager  Uiaa  eitfaer  of  their  oonilitaeiita.  The  strength 
of  metali  diminiabea  •■  they  ire  heated  ;  and  iitdden,  frequent,  and 
extreme  change*  of  temperatare  alway*  impair  it. 

Woods  are  mbjeet  to  great  iaeqaalitiea  Tree*  grown  on  motin- 
taina  are  much  itronger  than  thoae  of  the  aame  kind  from  the  plaina 

The  atrength  of  cord*  ii  in  proportion  to  the  ftnenew  of  the 
strand*,  and  alao  to  the  finene**  of  the  fiaz  or  hemp-flbrea  of  whkh 
the  straudi  couiat.  They  are  weakened  by  overtwiiting.  Damp 
hecnpaD  eorda  are  itronger  than  dry  onea,  twiited  than  ipon,  tarred 
than  imtarred,  and  nnhleaehed  than  bleaohed.  Silk  cord*  are  three 
tine*  itronger  than  those  of  flax. 

Animal  and  Tegetabl«*nb*tanae*,aoaTerted  from  the  liquid  to  the 
solid  state,  as  gnms.  Tarnish,  glne,  Slb.,  posaeas  extraordinary 
Ftrenglb.  Ramford  foand  that  a  solid  ejlinder  of  paper,  glned  to- 
gether, whose  seotional  area  wa*  one  square  Inch,  wonld  inpport 
80,000  lb*;  and  a  similsreylinder  of  hempen  strings,  glned  together, 
lengthwiie  supported  9S,000  lbs— a  teaaeit;  greater  than  tiiat  ob- 

101.  R— htMwto  pruasius. — The  naUbuiM  of  a  column  to  * 
Tertical  force  which  tends  to  crush  it,  depends  on  its  form,  its 
Mctional  area,  and  its  height  Of  two  colunms  of  the  game  tuate- 
rial,  having  tiie  same  fonn  and  equftl  heights,  the  one  which  has 

If  aniion  the  compemtif  e  strength  of  a  nainber  of  the  metals.  Uf 
the  wooila  What  is  said  of  wrought  mstal*  and  the  eCFeet  of  tempe- 
rature I  What  of  the  resiitanea  of  cords )  Mention  Rumford'a  ex- 
perimaotA  101.  What  does  the  resistance  of  a  column  to  preaanre 
depend  upon  t 
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the  larger  sectional  area  will  be  the  stzonger,  but  the  exact  ndo 
of  increase  is  unknown. 

According  to  Euler,  when  the  haae  remains  the  oaiQe,  the  etrength 
of  a  colnmn  diminishes  as  the  square  of  the  height ;  that  ii^  whis 
the  height  is  trebled,  the  strength  is  diminished  nine  time&  The  re- 
sistance of  a  right  prism  is  in  the  in  Terse  ratio  of  the  aquare  of  tbe 
height,  and  directly  as  the  width,  and  the  square  of  the  thick- 
ness. A  prism,  whose  base  is  a  parallellogriini,  has  less  strength 
than  one  of  the  same  height  and  volame,  whose  base  is  a  sqnart ; 
end  the  latter  less  than  a  cylinder  of  equal  height  and  vol- 
ume. A  solid  cylinder  resists  lees  than  a  hollow  one  of  equal  height 
end  mass ;  and  lastly,  a  solid  cylinder  less  than  an  eqai Talent  codcl 
A  column  of  one  piece  is  stronger  than  one  composed  of  serersL 
Solids  do  not  offer  Uie  same  resistance  in  all  positions ;  stones  in  the 
position  of  thoir  natural  bed  are  stronger  than  when  placed  other- 
wine;  and  wood  is  stronger  in  the  direction  of  its  fibrea  than  aerosi 
(hem.  Tlie  strength  of  rectangular  columns  is  directly  as  the  pro- 
duct of  the  longer  side  of  the  section  into  the  cube  of  the  shorter 
side,  and  inversely  as  the  square  of  the  height 

\(\Z  The  lateral  or  transverae  strength  of  materials  is  their 
])o\vor  to  resist  a  force  applied  at  right  angles  to  their  length, 
niul  toiuliii);  to  brvak  them.  Bodies  subjected  to  a  transverse 
Ntniiii  are  8upiH)sod  to  be  prismatic  or  cylindrical  beams  and  btnii 
whoso  cross  sections  arc  all  equal  and  similar  figures.  They 
iiiny  1u>  llxofl  at  lH>th  ends  and  loaded  in  the  centre,  or  supported 
h(  one  eiitl  only,  nutl  have  the  weight  at  the  other;  in  either  case 
(he  liri'nkin^  weight  is  the  measure  of  the  lateral  strength. 
The  hnt/tft  of  the  heuni  is  the  distance  l>ctwccn  the  point  of 
support ;  or.  if  one  end  only  Ls  supported,  the  distance  from  the 
wei);h(  (o  (his  iNiint. 

Ho(h  (hiMiry  and  experiment  lead  to  this  result,  that  if  a  nc- 
(ungular  hetiiu  of  uniform  thickness  is  supported  at  botli  ends 
and  loaded  in  the  i*cntre,  its  hitvnd  strength  will  be  directly  as 
(he  product  of  its  bn'udth  into  the  square  of  its  depth,  and 
Inversely  ns  its  length. 


What  d«M>ii  Kulor  rt*inark  ofcolumiiB  whose  base  remains  the  same  T 
or  rirfli(  piimiM  \  ( »f  priiiiiiB  whimo  base  is  a  parellellogrraiii  f  What 
of  hollow  pvliiideritf  What  of  sl^jiio  and  woodtin  coluuin^f  lo:| 
\Vha(  in  iiirant  by  trans vonio  M(ren^(hf  How  are  beams  ex]>cri* 
iiiciti(«d  upon  I     W'hnt  results  are  arrived  at  by  theory  and  expcri- 

iUflll  ' 
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L«t  ITKprMaiitUie  lataral  ■trengUi  of  uiy  b«un,  £  thabrwdth,  rf 
Um  depth  of  tha  aad,  and  I  the  leogth ;  Ui«n 

"--/-^ 

If  the  betra  U  (Opported  at  one  sad  onlj,  vid  tlie  veight  applied  at 
the  other,  «e  ahall  have 

fd*b 


^-fllL. 


Id  both  formula, /repreacDts  the  lateral  stiength  of  a  beam  of  tha 
Mme  material  wboM  aectional  area  ia  one  aqnare  ineh,  or  vhatMrer 
unit  of  area  may  be  choaen. 

The  following  table  givaa  the  Iraoarene  itrength  of  beama  ex- 
preaaed  in  poand*  for  each  aqnara  iaab  of  area. 


lBt,W 


11,800 
1&,800 

fl,700 


EnglUb  Oak, 


Lareh 4,fisa 

Canadian  Oak,  ....    1,0« 

Aah, 8,004 

Beeeh, S,SM 

Elm, 4,0fia 

Pitab-piae 6,638 

Kew  Eoglud  fir, ...    .  4,408 


On  account  of  irrcgnluitiee  of  teztnre  it  ig  nnaafe  in  practice 
to  aaaume  the  Mrengitli  of  beams  to  bo  more  than  f  of  th&t  usigned 
in  the  table.     The  Ibrmuln  before  given  will  then  be. 

w-if±±.  «.d  iP-j/i^ 

If  the  weight  is  erealj  diatribnt«d  over  the  whole  beam,  it- 
will  support  twice  u  mnch  as  if  the  wixde  pressure  were  placed 
in  the  centre.  If  a  rectangular  beam  has  two  or  three  dmee  the 
breadth  of  another,  the  depth  and  length  being  the  same,  it  will 
have  two  or  three  times  the  latenJ  strength ;  and  if  the  length 
is  increased  two  or  three  times,  other  things  being  equal,  the 
power  of  suspension  will  be  diminished  i  or  ^  respectivelj. 
When  the  length  and  breadth  remain  the  same,  the  strength 
increases  with  the  depth,  but  in  a  higher  proportion.  A  beam 
having  the  same  length  and  breadth  as  another,  hut  twice  or 

■  Tredgold.  t  Barlow. 

What  are  tha  fornin1»  of  the  lateral  itrength  of  bodieal  Qive 
Oie  traniTana  atreni^  of  lb*  netala.  Of  the  different  woodi 
Wbst  i*  laid  of  the  dutribntion  of  the  weight  over  a  beam  t  What 
of  reetaogiilar  beama  1  What  ia  said  of  baam*  of  double  or  treble 
the  depth  of  another,  bat  otherwiaa  equal  1 
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three  times  the  depth,  will  bear  %  ftur  or  nine  tuneB  gfMtff 
weight  A  thin  board  or  beam  is  therefore  much  stronger  vta 
placed  on  its  edge  than  on  its  side ;  on  this  principle,  the  nftes 
and  floor  timbers  of  buildings  are  made. 

In  round  timber,  the  power  of  suspension  is  in  proportioii  ti 
the  cubes  of  the  diameters,  and  inversely  as  ^e  lengtii ;  a  cjEi- 
der  whose  diameter  is  two  or  three  times  greater  than  that  of 
another,  will  carry  a  weight  8  or  2T  times  heavier.  The  latcnl 
strength  of  square  timber  is  to  that  of  the  tree  whence  it  ii 
hewn  as  10 :  17  nearly. 

A  hollow  cylinder  is  the  form  which  combines  the  least  wei^ 
of  materials  with  the  greatest  lateral  strength.  Galileo  was  the 
first  who  remarked  that  the  bones  of  animals,  the  quills  of  l»rdfi» 
the  stalks  of  plants  which  bear  a  heavy  weight  of  seed  at  theb 
summit,  and  other  similar  hollow  cylinders,  offer  a  much  greater 
resistance  than  solid  cylinders  of  the  same  length  and  constructed 
of  the  same  quantity  of  matter. 

103.  Iiimits  of  magnitude. — ^The  materials  of  all  stmctunt 
must  support  their  own  weight,  and  therefore  their  availabk 
strength  is  the  excess  only  of  their  absolute  strength  above  what 
is  necessary  to  support  themselves.  When  all  the  dimensioM 
of  materials  are  increased,  the  absolute  strength  augments  as  the 
square  of  the  ratio  of  increase,  but  at  the  same  time,  the  weight 
of  the  materials  augments  as  the  cube  of  the  increase.  If  the 
dimensions  of  a  beam  are  doubled,  it  is  four  times  stronger,  and 
eight  times  heavier ;  or  if  its  magnitude  is  multiplied  4  timet, 
its  strength  will  bo  multiplied  16  times,  and  its  weight  64  times. 
In  consequence  of  unequal  ratio  in  increase,  the  strength  of  a 
structure  of  any  kind  cannot  be  estinutted  from  its  model,  which 
is  always  much  stronger  in  proportion  to  its  size.  In  enlsrgiiig 
a  structure,  a  limit  is  soon  reached  at  which  it  has  no  available 
strength,  its  total  absolute  strength  being  required  to  support 
itself;  and  if  this  limit  is  passed,  it  will  fall  to  pieces  by  its  owq 
weight  All  works,  natural  and  artificial,  have  such  limits  of 
magnitude  which  they  cannot  surpass  wliile  their  materials  r»» 
main  the  same. 

In  coDformity  to  this  principle,  emttll  animale  are  stronger  than 


What  is  said  of  round  timbers f  What  of  sqnare  timbers  T  What 
of  hollow  cylinders  f  103.  What  is  the  available  strength  of  a  atruo- 
tare!  What  is  said  of  the  absolute  strength  when  all  the  dimen- 
eions  of  the  material  are  increased  V  W  bat  of  tlie  strength  of  a 
structure  and  its  model  f 
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lug«  one*,  ssd  inanota  and  amDUilenlB  ue  capable  of  TmU  of  itrength 
and  agility,  which  >«am  nurmenloai  vbea  tranilated  iota  the  pro- 
poriioni  of  man.  The  operation  of  the  aame  law  toa;  b«  Men  by 
wmpanng  the  nawield;  movenuDU  of  the  elepliant  with  the  litbs 
■ad  aetira  t^r,  or  the  eaay  motioi]  of  aong-birda,  and  the  arrowy 
■woop  of  ^e  hawk,  with  the  Uborioui  and  meuured  flight  of  the 
■wan,  and  the  condor  of  the  Andea.  For  Uie  ume  reason,  the  gigan- 
tic •anriiDi,  whose  bonss  are  mentioned  by  geologists,  had  the[r 
home  in  the  ocean,  where,  in  modern  timee,  are  found  aeatreeds  of 
interminable  length,  and  animal*,  whoee  ponderous  mass  would  be 
ineapafale  of  motion,  if  they  were  not  floated  buoyantly  by  the  ele- 
neat  they  inhabit 

AdAetMtt  of  Salidt. 

104.  Tba  nolaonlar  attnotfoa  which  holds  togelker  the  parti- 
cles of  a  solid,  will  also  unite  more  or  leas  firmly  separate  masses 
wheo  their  sur&ces  are  brought  into  Tery  close  conUct,  and  it  is 
then  called  adhetwt^  SM.)  8inc«  the  effects  of  this  force  obtain 
equally  in  a  vacuum,  it  must  be  independent  of  atmoapheric 
pTMSurft  To  ascertain  its  amount  experimentoilj,  the  adhering 
8ur&ces  ore  placed  in  a  horizontal  position,  and  the  lower  one 
being  fixed  and  the  upper  one  attached  to  the  arm  of  a  balance, 
weights  are  put  in  the  opposite  scale,  and  the  weight  which  sepa- 
rates them  is  the  measure  of  their  odbesioo.  The  adhesire  force 
Ibr  each  square  inch  is  found  by  dividing  the  sur&ce  by  the 
weight 

Example*  of  adhe«on  art  of  familiar  oeeurrenee.  He  partiele* 
of  ekalk,  ehareoal,  lead-penoils,  &&,  adhere  to  the  luriaee*  written 
«pon,  and  dait  elingi  to  the  ceilings  and  walla,  in  opposition  to  the 
flireaof  gravity.  TwomaMea  of  lead,  iftheiranrfaoes  are  smoothly 
ent,  adhere  almoat  as  Srmly  ■■  if  they  were  one  mam.  A  more  stri* 
UnginManeaooeaTainmannbetoriesofplata-glasa  Alter  the  plate* 
of  which  mirranirs  made  are  polished,  they  are  laidon  their  edgea 
nelining  aguost  each  other,  and  their  inrfaces  are  sometimes  found 
adhering  so  itrongly,  that  they  oannot  be  Mparated  wJthoBt  break- 
iog.  Some  specimens  from  St.  Qobin  were  nnited  as  Snnly  a*  if 
Uwj  bad  been  sutUd  together ;  Uiey  eoald  be  oat  with  a  diamond, 

What  is  said  of  the  strength  of  amall  animaUand  birds  I  What  is 
■aid  of  thawnrians,  &c  I  lOt.  miat  is  adheaionf  How  is  adhe>' 
•ion  determined  I  Oire  some  examples  of  adhesion.  What  is  said 
of  masses  of  lead  I     What  of  platM  of  glass  1 
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and  their  edges  polished,  m  if  bat  a  single  plate ;  and  bj  t  foRi 
sufficient  to  make  them  slide,  they  were  torn,  bo  that  the  larfw 
of  one  was  covered  with  flakes  detaehed  trmn  the  father. 

Adhesion  occurs  not  only  between  sarfiicea  of  tha  same,  but  shoif 
different  kinds.  In  the  process  of  silTering  mirron,  metal  is  msdt  to 
adhere  to  glass.  A  plate  of  tin  and  of  lead,  or  of  copper  ssd  rf 
silver,  unite  into  an  almost  inseparable  whole,  when  their  poUiM 
surfaces  are  pressed  together  with  heavy  rolleni 

This  kind  of  adhesion  is  most  strongly  manifested,  when  two 
surfaces  are  connected  by  a  soft  or  fluid  substanoe  which  tolid- 
ifies  in  drying. 

In  this  manner,  stone  and  brick  are  built  into  firm  and  solid  vsik: 
and  in  the  various  processes  of  pasting,  glazing  and  oementing.  tvo 
solids  may  be  so  firmly  united  as  to  break  anywhere  elae  sooner  du: 
at  the  joint 

Adhesion  has  a  considerable  share  in  the  resistance  df/rictiet, 
which  will  be  explained  hereafter. 

Statical  Foree$  or  Pre9$ure8. 

105.  XlqnlUbrium. — When  all  the  forces  acting  on  a  body  sk 
mutually  balanced  by  each  other,  or  by  resistance,  it  is  in  equili- 
brium. A  body  suspended  by  a  thread  is  in  cqiiilibrium,  because 
ita  gravity  is  balanced  by  the  resistance  of  the  thread  and  the 
point  of  suppoil.  There  may  be  equilibrium  without  a  fixed 
point  of  support  and  apparent  resistance.  A  balloon  in  the  air. 
and  a  fish  in  the  water,  are  examples ;  but  the  weight  of  the  fish 
and  balloon  are  balanced  by  counteracting  forces,  to  bo  explained 
in  subsequent  chapters. 

100.  Foroet  which  produce  equilibrium  are  called  statical 
forces,  or  preMures^  to  distinguish  them  firom  dynamical  fbrccB, 
or  those  which  produce  motion.  This  distinction  is  artificial, 
and  the  student  must  not  suppose  that  these  are  different  kind* 
of  forces.  The  same  force  nuiy  produce,  according  to  circum- 
stances, either  pressure  or  motion. 

To  determine  a  force  with  precision^  it  is  necessary  to  know  to 
what  point  it  is  applied,  its  intensity,  and  its  direction.     The  in- 


What  is  meant  by  heterogeneous  adhesion  f  Mention  examploa 
When  is  it  most  strongly  manifested  ?  Give  an  example.  105. 
When  is  a  body  in  equilibrium  t     106.  What  are  sUtieal  forces  I 
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UoMij  of  statical  forces  can  be  compared  onlj  with  each  other, 
but  thur  ratio  maj  be  repreaented  by  the  ratio  between  other 
quantities,  howerer  different  from  them  in  Icind.  It  is  cus- 
tomarjr  to  reprwent  pressures  bj  oquivaleiit  weights,  because 
weight  is  that  sort  of  force  witii  whose  intensity  we  are  most  ia- 
miliar.     The  unite  of  pressure  are  hmiliarly  expressed  in  oarieeg. 

Like  other  magnitudes,  forces  may  also  be  represented  by  lines 
of  deQnite  lengths.  Any  line  being  chosen  ss  a.  unit  to  repre- 
oent  the  unit  of  pressure,  the  length  of  the  line  will  represent 
the  magnitude  of  the  force,  its  direction  will  represent  the  direc- 
tion of  the  pressure,  and  its  commeoMment  will  show  the  point 
■t  which  the  force  acts ;  by  a  line,  therefore,  a  force  is  completely 
defined  in  all  ita  three  elements.  In  this  way  sta^^al  forces  are 
brought  within  the  Umits  of  arithmetic,  geometty  and  math' 
ematics. 

107.  6yt«m  of  fenea. — Whatever  ma;  be  the  number  and 
direction  of  force*  acting  upon  one  point,  they  can  impart  motion 
or  pressure  in  only  one  direction.  We  therefore  assume,  that 
there  is  a  single  force  which  can  produce  the  same  action  as  the 
Bystem  of  forces,  and  may  replace  them.  This  is  called  the  r«- 
tultant^  and  the  forces  to  whose  effect  it  is  equivalent,  are  termed 
the  eomponenta.  The  components  and  reeultant  may  be  inte^ 
changed  without  changing  the  condition  of  the  body  acted  on, 
or  the  mechanical  effect  of  the  forcee  themselves. 

If  two  or  more  forces  act  in  the  same  direction,  the  resultant 
is  equal  to  their  sum;  if  they  act  in  opposite  directions,  the 
resultant  is  equal  to  their  difference;  and  when  the  resultant 
equals  nothing,  equilibrium  is  produced  If  a  point  is  pressed 
upwards  with  a  force  of  seven  pounds,  and  downwards  with  a 
force  of  three  pounds,  the  resultant  is  an  upwaid  oressure  of 
four  pounds. 

108.  niaparaUallognunof  foraea,is  the  construction  employed 
to  find  the  resultant  of  two  forces  which  make  an  angle  with 
each  other.  When  the  components  are  equal,  the  resultant  hi- 
sects  the  angle  between  them ;  and  if  they  are  unequal,  it  is 
nearer  the  greater.    Since  the  resultant  is  equal  to  the  snm  of  the 

What  ii  necsMarr  in  order  to  datenuin*  a  fores  with  prMiaon  t 
VhatarethaDnitac^prMsiiret  How  may  fore*  also  be  repreMnted  1 
107.  What  >•  laid  of  a  number  of  totem  aetiog  od  ooa  point  I  What 
ii  the  retnltant  1  lOa.  What  ii  the  raeultant  whan  two  or  more 
ferae*  aet  in  the  ean*  direetton  t  What  when  they  aet  in  af^oAU 
direetioDit 
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forces  ^diich  coincide,  and  to  the  difRaraioe  of  those  wfaidi  ex- 
actly oppose  each  other,  in  all  intermediate  positions  it  will  he 
less  than  their  sum  and  greater  than  their  di^renoe. 

78  Let  the  point  1*  fig.  7a 

be  acted  on  by  twolbrai 
in  the  directions  PAuA 
PR  On  PA,  mourn 
Po^  containing  as  miny 
units  of  length  Cmcbei) 
as  the  force  A  oontains 
units  of  pressure.  Oba); 
and  on  ^^  take  Pbintht 
same  manner.  Complfllc 
the  paralleUogramPaeii. 
and  thediagonal  Pc  win 
represent  the  directioD  of 
a  single  force  C,  eqaiva- 
lent  to  the  combined  effect  of  A  and  B^  and  P  e  will  contain  ts 
many  units  in  length  as  C  contains  units  of  force. 

109.  Any  nomher  of  forces  acting  on  one  point  may  be  con- 
pounded  in  the  same  manner.     Let  the  point  a,  fig.  79  be  sob- 


79 


jected  to  the  pres- 
sures whose  magni- 
tudes and  directions 
are  refM^sented  by 
the  line  aft,  a  C,  and 
a  d.  We  first  take 
any  two  which  lie 
in  the  same  plane,  m 
a  b  and  a  (7,  and  find 
their  resultant  m  X; 
andcomi 


with  the  third  force  a  //,  wc  find  ^  y,  which  will  represent  the 
magnitude  and  direction  of  the  general  resultant  of  all  three 
pressures.  The  resultant  of  any  number  of  pressures  in  the 
same  or  different  planes,  may  be  found  in  the  same  way,  by  oon- 
bining  two  at  a  time. 

Give  an  illustrntion.  108.  What  is  the  parallelloii^ram  of  foreaif 
What  it  the  resultant  when  the  componentt  are  eonal  f  What  when 
unequal  f  What  will  the  resultant  he,  compared  with  the  original 
foreesi  Gire  the  illustrations  mentioned.  lo9.  Give  the  illoatra- 
tioD  showing  how  any  number  of  forces  may  be  compounded. 


110.  ^b*  nwdnttoB  of  fetM^  b  thi  oonTene  of  tbalr  compo- 
■Ition.  Sinae  two  or  man  fortw  can  b«  re|riM!ed  b^  ft  sugla 
foree,  m  Mnnmoiilf ,  wa  taay  lubrtitatfl  two  or  iimhv  fbrcM  for 
oiM ;  and  nnee  hi  liiAiiite  nnmbor  at  ayateaa  vmj  hftvo  tha 
■KIM  rcBultMi^  eoDTNBdj,  ODe  ftiroe  nuj-  be  reiriaced  In  innu- 
menbh  wuya  by  •  tyttaa  Oi  MTcml  tanm.  But  tf  <»i«  of  two 
raquirwd  conponenls  b  giroit  in  nMgnhude  uid  dir«ction,  Uwro 
can  be  but  one  wriultai,  and  the  problem  ig  definite. 

When  afbrceactenponabody  at  anj  other  than  a  rt^A<  angle, 
a  part  oT  its  efiect  b  kwt.  By  resadring  such  an  obUqae  force 
into  two,  one  paraflel,  and  the  other  ptqwodicolar  to  the  bodj, 
Uie  latter  component  will  xtf-  gg 

reeent  the  utwal  force  prodneed.  j^ "y^ 
Let  a  ft  (fig.  80)  reprwcnt  a  force  ' 
acting  under  the  angle  a  h  e 
against  the  surfoce  M  2f.  Re- 
■olre  a  b  into  o  «  perpendicolar 
to  MX,  and  ad  parallel  with  It; 
then  a  e  will  be  the  abeolate  ef- 
Sect  of  the  force,  and  a  i — a  e  b 
tbehMs. 

111.  Parallel  fcveea.  Beanltawt  afa— qwal  pwllri  fawtea^- 
Two  forces,  acting  side  by  aide,  produce  the  sune  effect  as  if  they 
were  in  the  same  atrai^t  line.  Two  hiwaea  drawing  a  cart  b  an 
enmple.  Hence  the  renllanttf  two  parallel  forces  acting  in  the 
■ame  direction  b  equal  to  their  turn  and  b  parallel  to  thatn,  and 
when  tbey  are  *f<taA  it  applied  midwaf  between  them. 

If  the  paralM  forces  are  ttn^gitat,  the  point  ot  application  of 
the  reaultant  may  be  found  by  the  fidlowing  experiment  Let 
^  j;(flg.81,}ab«r  81 

ofonifermthidcMaa       ^ 

aoddenmty,  be  bal-       ,  .'        f       ^  ^ 

anced  on  its  <«ntie  ■*        "*  ™ 


TTT 


G.  We  may  tup- 
poae  the  bar  to  be 
ATlded  into  two, 
ADtaADBtS  un«iual  Imgtha,  whkli  might  abo  b»  bakDoad 

110.  WbatbisidoftherMoIallaBofforeeil  VfaaloFaforeeaet- 
lag  at  other  than  right  anglM  I  How  taay  the  aatoal  eSeot  in  Mek 
aeaeibefaosdl  III.  Tbat  are  parallel  forew  I  Howbthepoiat 
ef  qipllMiiaB  of  the  twe  paraUel  akd  oaaqaal  foroet  fMnd  I 
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on  their  oentros  E  and  F,  Now  wo  haTo  two  pandlel  and  nm- 
qual  forces — the  weight  ^  A  D  and  the  weig^ht  of  D  .&— wboR 
resultant  is  not  midway  between  their  points  of  iq^plicatioD  Z 
and  F^  but  passes  through  C  which  is  nearer  E  than  /*  in  the 
exact  ratio  that  the  force  at  JF  exceeds  that  at  F ;  for  the  wd^ 
of  the  two  bars  are  as  their  lengths,  and  O  E  measures  half  die 
length  i>.^,  and  (7  i"  half  the  length  (^  ul  D;  so  that  C^^isto 
C  F  inversely  as  the  weight  at  ^  is  to  the  weight  at  /!  The 
truth  of  this  ccmdusion  may  be  tested  by  8uspen<ling  at  f  and 
J'two  additional  weights  which  haye  the  same  ratio  to  each  other 
BB  A  Dto  D  B,  and  the  equilifarinm  will  be  undisturbed. 

Hence  the  resultant  of  two  paxallel  but  unequal  forces  is  eqial 

to  their  sum,  and  its  distances  from  than  are  inversely  as  their 

82  intensities.     Thus  in  figure  82, 

if  any  two  parallel  forces  act  at 
A  and  A\  and  their  intensitiei 
areexpressed  by ul  j^and^' B, 
then  their  resultant  will  be  rep- 
resented by  P  iZ,  proTided  it 
acts  at  P,  a  point  so  situated 
*'  ...       S...  that  P  J^' :  P^  : :  ^  i?:  A'ff. 

*  ' <^c     '^^'       '^^  8<^«  ^^  be  true  whit- 

ever  be  the  common  directioD 
of  the  forces ;  if  the  positions  ofAB  and  A'  B'  are  changed 
to  A  Cand  A*  C,  then  P£  must  moye to  Pi^,  and equilibrima 
equally  obtains. 

112.  Reaultaiit  of  two  parallalfiaroes  acting  in  oppoaitodino- 
85  tiooa^ — ^The  resultant  of  two  parallel  foroei, 

which  act  in  opposite  directions,  is  found  by 
the  same  construction  as  before,  but  it  is  equal 
to  the  difference  of  the  components,  and  li^ci 
the  direction  of  the  greater.     Its  point  of  ap- 
plication, fig.  83,  is  in  the  prolongation  of 
the  line  A  B^  at  the  point  C^  situated  so  that 
C  B  and  (7  J  are  in  the  inverse  ratio  of  the 
forces  Q  and  P.     The  point  C  will  be  further 
remored  as  the  difference  between  the  foroei 
P  and  Q  are  diminished,  so  that  if  the  forces 
were  equal,  the  resultant  would  be  nothing,  and  situated  at  an 
infinite  distance. 


How  may  the  troth  of  this  ooiiclusion  be  proF«d  I  What  ia  th«  reaultp 
ant  of  two  parallel  bat  unequal  forcee  t  H  o  w  may  it  be  demonatratad  t 


y 


TAKUTiojn  or  KOTioN.  TO 

Thof  wbenever  »  bodj  is  soliciUd  by  two  fiNroM  which  mn 
equal,  ptnllel,  wd  acting  io  oppoeiU  direcUooB,  it  ia  impoeeibte  to 
replace  them  or  produce  equilibrium  bjr  a  single  force.  Sudi » 
BjBtein  of  fbrcw  ia  called  a  couple,  and  its  tendency  is  to  pHiduc« 
terolution  around  an  axia. 

The  general  resultant  of  any  number  of  paralM  forces  may  be 
found  by  compounding  them,  successively,  two  by  two,  in  the 
methods  already  prescribed. 

113.  Two  farcM  not  pualM  and  ^ipUvd  to  dl&nal  pdnta 
may  have  a  rwultant,  if  they  lie  in  the  same  plancL  It  is  found 
by  extending  the  linee  of  dii«etion  until  they  interBecL  But  if 
the  forces  are  not  parallel  and  lie  in  difibrent  planes,  then  the 
directions,  thou|^  infinitely  prolonged,  will  never  intersect, 
and  they  cannot  have  any  single  resultant,  or  be  in  equilibrium 
by  any  single  force. 

Dynamical  Foreet,  or  Motwm. 

114.  Motion. — When  statical  forces  or  pressures  cease  to  be 
balanoed,  the  body  on  which  they  act  is  set  in  motion.  Abso- 
lute motion  Is  a  real  change  of  place  In  space ;  relative  motion 
is  a  change  of  ^e  position  of  a  body  in  reference  to  ethers  which 
are  considered  as  fixed,  but  which  may  be  themselves  in  motion. 
Absolute  motion  is  unknown  to  us.  All  the  motions  which  we 
can  detennine  are  only  relative. 

Sooh  are  the  motiotu  on  the  earth,  deaeribed  with  refereaoe  to 
points  on  its  inrfaee  eoniidered  •■  fixed ;  but  these  petnt*  are  con- 
•taotly  in  motion  aroand  the  eno,  and  our  planetary  sjitem  appears 
to  be  itself  moving  tbreu^  epace. 


■e  may  be  the  following  vuri- 
stiona  in  the  motions  of  a  body : — 

o — The  whole  hodj  may  change  its  place  and  not  return  to  it ; 
this  is  direct  motion.     It  is  exhibited  in  pnyectiles,  tc 

b — A  body,  as  a  pendulum,  nwy  change  its  position  and  return 
to  it  in  aa  opposite  direction ;  this  ia  9^ating  or  oteiliating 
motion. 

111.  What  U  the  rcenltant  of  two  patallel  forees  aetieg  in  oppo- 
iite  direetioDsf  Give  the  damonetratioa.  What  ii  a  oouplet  Bow 
may  the  gaaeral  reiultaot  of  eeversl  parallel  forceibe  found  1  113. 
What  ii  the  reaultanl  of  two  foreea  not  parallel  applied  at  different 

Cintar  When  Dotin  the  Hme  plane  I  lU.  What  ie  abeolute  motion  1 
itkoewol    OivesxsmpUiof rsUUvemotiao, 
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0 — ^The  different  parts  of  a  body  may  st  the  smnie  time  mm 
in  different  directions ;  this  is  called  rotation,  Instanoee  an  tilt 
daily  rotation  of  the  earth,  the  revolation  of  wheels,  Ac 

The  direction  of  motion  is  represented  by  a  straight  line  drsvn 
from  the  point  where  motion  commences,  to  the  point  towirdb 
which  the  body  is  propelled.  The  direction  is  rae^'/tJMar,  wbcB 
it  is  constantly  the  same,  and  eurvilinear^  when  it  yanca  emy 
moment 

1 16.  Velocity  is  the  space  trayersed  in  a  unit  of  time,  or  the 
constant  relation  existing  between  the  space  trayened  and  the 
time  when  the  body  has  a  uniform  motion,  that  is,  when  it  traTir- 
ses  equal  spaces  in  equal  times.  Velocities,  like  any  cyther  magni- 
tudes, are  compared  with  each  other,  and  their  ratios  may  be  rep* 
resented  by  the  ratios  of  lines  and  numbers.  There  is  no  cstib- 
lished  unit  of  velocity,  distinguished  by  a  particular  name^  like 
feet,  and  pounds,  and  the  units  of  length  and  pressure.  To  ex- 
press yelocity  in  numbers  we  must  use  the  units  of  time  and 
length.  If  a  number  only  were  employed,  without  naming  the 
units  taken,  the  velocity  would  be  wholly  indefinitei  The  nm- 
plest  mode  is  to  give  the  space  traversed  in  a  unit  of  time,  whick 
in  Physics  is  generally  the  second. 

For  example :  a  man  usually  walks  with  a  velocity  of  8^  fMt  !■ 
a  second.  An  ordinary  wind  has  a  velocity  of  8^  feet^  and  a  bar- 
ricane  118  feet  in  a  second. 


Velocities  admit  of  comparison  only  when  they  are 
in  the  same  units. 

117.  Vaxiable  motion. — When  a  body  does  not  pass  oyer  eqioal 
spaces  in  equal  times,  however  small  they  may  be,  the  motion  m 
variable.  In  this  case,  the  velocity  in  any  given  instant,  is  the 
relation  between  the  space  traversed  and  the  time,  when  the  time 
is  infinitely  small ;  or  the  space  traversed  in  a  imit  of  time,  si^ 
posing  that  the  motions  were  uniform,  at  that  instant 

118.  Uniformly  aooeleFated  or  retarded  motion* — ^A  motion 
is  uniformly  accelerated  or  uniformly  retarded,  when  the  velo- 
city increases  or  diminishes  equally  in  equal  times.  In  both  cases 
the  distinction  must  be  observed  between  the  body^s  initial  and 

116.  What  is  said  of  the  different  varieties  of  motion  f  How  is 
the  direction  of  motion  represented  f  What  is  rectilinear  and  cur- 
vilinear motion  f  116.  What  is  velocity  f  How  is  velocity  expreeeed  I 
What  is  the  unit  of  terms  employed  f  Give  examples  of  comparison 
^f  veloeitiea     117.  What  b  variable  motion  I 
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jCnal  Telod^ — tlut  with  which  tbe  body  tMpiig,  aod  thai  with 
which  it  ce4SM  to  more. 

Let  Frepresent  the  velocity,  J>,  the  distMice,  uid  T,  the  time ; 
then,  in  umfbnn  motion, 


119.  Ooavoaitloa  and  i—iiliilliMi  of  notlaa. — Since  forces 
which  produce  preasure  would  prodnce  motion  in  the  directitm 
of  ths  presBure,  if  the  bodies  on  wtiioh  they  act  were  free  to  move, 
•U  tbe  principles  of  tbe  oompoeition  uid  rasolution  of  preaeure, 
are  oqually  ^i[^csble  to  moticoa.  This  important  ap^cation 
oould  not  be  nude,  howerer,  were  it  not  for  the  physical  lav,  that 
the  d^namieal  effieU  o/JorcM  are  proportional  to  Iktir  ttatieal 
^tcU.  A  lbrc«  which  produeee  twice  as  much  prcHure  as 
SDother,  will  also  produce  twice  as  much  motion ;  that  is,  it  will 
dtber  impart ;  (a)  t»  twtM  as  much  matter  the  lamt  velocity  in 
the  mmt  time ;  (A)  or  to  the  lame  matter  (vice  the  velocity  in  tbe 
WBM  time ;  (c)  or  to  tbe  •onw  matter  the  unie  velocity  in  ha{f 
tbe  tima.  This  ia  not  an  abaliact  truth,  but  a  law  of  nature, 
whidi  could  be  learned  only  by  experiment  Tbe  rules  for  the 
composition  of  pTeMures  may  be  deduced  without  any  appeal  to 
nature ;  but  aucb  an  appeal  is  necessary  before  we  can  apply 
them  to  motioa8,  for  they  could  not  be  applied  if  pressures  did 
not  produce  proportional  motions.  The  dynamical  effects  of 
Gwces  might  have  been  as  the  squares  of  their  statical  effects,  or 
the  reverse ;  a  double  pressure  might  have  produced  a  quadruple 
motion,  or  a  quadruple  preasure  a  double  motion ;  and  in  neither 
caae  oould  they  be  compounded  in  the  simple  manner  explained. 

When  several  forces  act  on  a  body,  they  may  be  arranged  in 
three  ways,  according  to  their  direction .     The  tbroca  may  act, 

(a) — all  in  one  direction ; 

(6) — or  in  exactly  opposite  directions ; 

(e)— or  at  some  angle. 

tIS.  What  is  laid  of  tinifanniy  aeoelersted  or  retarded  motion  I 
Give  tba  formnlc  for  veloeity,  dittsDce  aod  time  in  aniform  motion, 
lis.  What  iiMidofthecompoaitioii  and  rMOlution  of  preMure  and 
•nniuu  I  What,  u  tk>  •.Li-.i^.i  i._  -""I tioii fid  t  llciitioa  tlw  iiloa- 
ewty  of  experiment  to  detw- 


78  DYNAMICAL  TOBCBB. 

In  the  first  case,  the  resaltant  ig  the  gam  of  all  the  forces,  and 
the  direction  is  unaltered.  In  the  second,  the  resultant  is  the 
difference  of  the  forces,  and  takes  the  dbection  of  the  greater. 
If  opposite  forces  are  equal,  the  resultant  is  nothing,  and  no  mo- 
tion is  produced.  In  the  third  case,  a  resultant  is  found  to  two 
forces,  whether  equal  or  unequal,  by  the  parallelogram  of  foixxs, 
according  to  the  following  law.  By  any  number  offorc€%  acting 
together  for  a  given  time^  a  body  i$  brought  to  the  same  plaet  oi 
if  each  of  the  forces,  or  one  equal  and  parallel  to  it^  had  acted 
on  the  body  separately  and  euceeseivelyfor  an  equal  time. 

Suppose  two  forces  act  simultaneously  on  the  point  €^  fig:  Si, 
one  in  the  direction  a  x,  and  the  other  in  the  direction  ay.  Let 
one  force  be  such  that,  m  a  given  time,  as  a  second,  it  will  man 
the  point  fW>m  a  to  ft,  while  the  other  will,  m  the  same  timc^ 
d4  move  it  from  a  to  ^ ,  then  by  the  joint  ai> 

tion  of  both  forces  it  wiU  be  impelled  to 
^^   r  in  the  same  time.    The  first  force,  by 
f'y^        its  separate  action,  would  impel  the  bodr 
y  \  to  ft  in  one  second,  and  if  it  were  then 


1 


r 


y^       \  to  cease,  the  second  force,  or  one  equal 

x-^  I         r    and  parallel  to  it,  would  impel  to  r  in 

^ ^         ^  the  same  time ;  or  the  body  mi^t  be 

carried  from  a  to  c,  and  from  e  to  r  ;  in 
either  cnRc  the  result  is  the  same. 

In  the  Kunic  manner  a  resultant  may  be  found  for  three  or  any 
numlicr  of  motive  forces,  by  compounding  them,  two  by  two, 
Bucccwivdy. 

In  order  tliat  the  body  may  move  in  the  straight  Hne  a  r,  the 
two  forces  mmt  act  in  the  same  manner.  They  may  be  instan- 
taneoiiH  impiilHcs,  which  will  cause  uniform  motion;  or  both  may 
act  continuously  and  uniformly,  so  as  to  produce  a  uniformly 
aocolcrate<l  motion ;  or,  l>oth  forces  may  act  with  a  constantly 
varying  intensity,  increasing  or  diminishing  at  the  same  rate,  and 
the  Uxly  will  still  move  in  a  straight  line.  But  if  one  force  is 
instJintjnHH>uR  and  the  other  constant,  or  one  constant  and  the 
other  variable,  or  l>oth  varying  by  different  laws,  then  the  body 
will  move  in  a  curve ;  but  in  every  case  it  will  reach  the  point  r 
in  the  same  time  that  it  wouhl  have  passed  from  a  to  ft,  or  fi^m 
a  to  c,  by  the  soimrate  action  of  either  force. 

Wlion  Mf  «t*al  forces  net  on  n  luuly.  bow  inny  they  bo  Hrmii|re<l  f 
What  it  tho  retaltaiil  in  oacb  caao!  itivc  tiie  illUHtrutiun.  What  is 
•aid  of  the  manner  in  wbich  these  forces  must  actf  If  they  act  va* 
riably  in  time  what  is  the  result  \ 


BUOLvnos  or  m 


•ltd  fcmiliftT 


mpoilUon  of  moUen  «ro  of  oonstuit 


A  man  in  awiinniing,  inpal*  binu«lf  in  •  direction  perpeadionlftr 
to  bia  feetiDd  hBDds,aQd  if  Ibe  force*  are  •qaaloa  ekoh  lide  ha  will 
move  in  a  reanltaat  1in«,  pasaiDg  tbroagh  tba  oentra  of  hia  body, 
Anotbar  instanee  is  the  flight  of  birda.  While  fljiiig,  their  winga 
parform  aymmetrical  rooTaments,  and  atriks  againit  the  air  vith 
«qual  forca; 

In  the  case  of  fljing  birds  the  reaiatuice  of  the  ur  is  perpen- 
dicular to  the  sur&ce  of  the  wings,  and  tnxj  be  represented,  fl^ 
8S,b7  (7  ^  and  £>^  at  right  86 

Miglefi  to  their  sur&ce.  Nei- 
ther of  these  presauTee  tends 
to  impel  the  bird  stnught 
fbrwud,  but  it  moves  in  their 
ruullant ;  for  if  the  wings 
tre  equally  extended,  and 
set  with  equal  force,  the 
lines  6'  A,  and  H  A,  make 
equal  angles  with  A  B,  pass- 
ing through  the  centre  of  the 
bird,  and  hence  their  diago- 
nal, or  A  G,  the  diagonal.of 
equal  parts  of  them,  will  ooindde  with  A  B,  and  the  bird  will 
fly  directly  forward. 

121.  Hawdntian  of  motlon^-The  motion  of  a  boat  impeUed 
by  ousis  similar  to  the  examples  just  cited;  but  when  sails  are 
i^ed,  and  the  force  of  the  wind  is  transmitted  from  them  to  the 
keel,  and  modiBcd  by  the  rodder,  we  have  an  enrnfAe  of  the 
resolution  of  motion. 

Let  a  A,  fig.  86,  represent  the  length  of  a  Teasel,  m  n  the 
sail  supported  against  the  mast  at  o,  and  o  p  the  m^nitude  and 
direction  of  the  wind.  Constmct  the  parallelogram  o  p  e  d,  ot 
which  op  is,  the  diagonaL  Tho  lorce  e p  may  be  resolved  into 
two  forces,  of  which  the  first,  o  f,  is  parallel  to  the  sail,  and 
produces  no  prciMure  upon  it  j  and  the  second,  o  d,  ia  perpendic- 
ular to  the  sail,  and  represents  the  whole  pressure  of  the  wind. 
But «  d  nay  be  resolved  into  two  other  forces ;  the  one,  o/,  at 

l:tiJ,  Oire  the  axamplea  of  sompoaitioa  of  motion.  Deaoribe  6g. 
8S.  111.  What  ia  laid  of  a  lail-boatl  What  of  the  rosoluUoa  of 
aotJOB  Id  thia  oai«  I 


tight  uiglM  to  the  k«d,  m^M  tba  Taaul  sMmrmyfl ;  the  (An,  * 
J!;  in  the  direction  of  the  tcbwTi  Ifogth,  taads  to  adnaoB  it,  ni 


represents  the  whole  tfftetite  force  of  the  wind.  By  ft  a 
Application  of  the  principles  of  the  resolutioa  of  motioii,  k  tmmI 
nwj  b«  Buled  on  ■  courae,  within  fire  or  six  points  of  being  di- 
rectly opposed  to  the  wind  which  impels  iL 


In  CMinection  with  this  subject  it  ia  important  to  notioe,  that  t 
motion  common  to  all  bodies  of  »  ByBtem,  does  not  at  «U  iatericR 
with  the  particular  motions  of  any  one  of  them,  but  such  motioDi 
continue  as  if  the  system  was  at  rest. 

If  a  bnllBt  is  dropped  from  the  mast-head  of  a  (blp  sailing  «Tersa 
rapidly,  it  will  (all  to  the  deck  od  precisdy  the  Mine  ipot  a*  if  the 
•hip  ware  motionlMa.  Avat«h  is  earried  without  dsnngingthadal- 
ioats  noveneot  of  its  works.  The  earth  moves  on  its  azia  at  tht 
rats  of  a  thousand  miles  so  Loar  at  the  sqoator,  withoot  iatarfari^ 
with  the  motions  on  its  sorfsce,  except  in  ease  of  the  tntda  wiad^ 
sad  a  few  similar  instaoess  of  eomposition  of  moUoo. 

Impaet  ^  Solid  Bodit*. 

188.  Transfsr  offcroa. — Wlienafbrcesctsonkbody.itprodueM 


Bl 

iU  effect  as  soon  u  motion  is  difTuacd  unong  all  tha  nK^eculea, 
and  the  force  in  then  tiansfi^rrcd  from  the  moving  power,  into  the 
auhstance  of  the  thing  moved.  In  conaeqvence  of  the  iDertik  of 
matter,  if  the  moTixig  body  meet  do  resistuice,  and  no  other  fores 
acted  upon  it,  it  would  continue  to  more  with  the  same  velocity, 
and  in  the  aaroe  direction,  foraver. 

124.  Ralatjpnof  vlooJtytoqqaarttTofmattT. — Sincoabodj 
absorbs,  as  it  were,  the  force  acting  upon  it,  we  can  easily  under- 
stand what  our  experience  ocaiflnns,  Uiat  the  suae  force  acting 
npon  different  bodies,  produces  very  different  motions. 

A  charge  of  powder  aafBeieDt  to  proJMt  a  bullet,  wonld  icarady 
•tir  a  eanaoD  ball  Tbe  resMHi  eommonir  aaaignad,  ii,  that  tba  ball 
ia  heavier  .than  the  bullet ;  bnt  if  their  gravity ,  aod  all  the  reaitt- 
anaei  to  motioD  were  removed,  the  bullet,  under  the  uma  impulae, 
would  (lill  move  a*  much  faster  thao  Uieball  MiUquautity  of  mat- 
It  ia  a  fundamental  principle  of  mechaaiea,  that  the  same  foroa 
acting  upon  different  bodies,  imparts  valocitiee  in  Uie  incfTM 
ratio  of  their  quantitica  of  matter.  If  the  same  fbrce  snccesalvelj 
projected  balls,  whoso  masses  were  is  the  numbers  1,  fi,  8,  Ac, 
it  would  impart  to  them  the  velocities  1,  \,  i,  tc,  ho  that  a  mass  ., 
ten  times  larger,  would  acquire  a  velocity  of  Mily  ^.  The  pro- 
duct of  e«ch  of  these  maases  into  its  velocity,  is  ^  lam^  for 
1X1'=  1,  8X1  =  1,  Ac.;  and  tiiis  product  of  the  mass  into 
the  velocity  of  a  body,  'u  called  its  mvm^ntvm,  utMing  f^^^ 
or  quantity  of  motion. 

125.  Homantnm,  valocfty. — Uomontum  must  not  be  con- 
founded with  velocity,  which  is  the  iatennty  of  a  motion,  not  its 
quantity.  The  same  force  always  produces  the  same  momentum, 
whatever  may  be  the  body  on  which  it  acts,  so  that  the  measure 
of  an  impact,  is  the  momeatum  it  imparts. 

Wa  may  dM«ribe  an  impact  by  asying^  that  it  ii  'equal  to  SO  Iba. 
tfioved  one  foot  a  aecond,  or  1  Ib^  moved  SO  feet  a  Moond,  or  2  Iba. 
moved  10  feet  a  second ;  the  momentum  being  la  eaeh  oaae  the  lam*. 

136.  iMfs  e<  momaatnin.— It  fUlows,  tberefbre,  that 

lU.  What  i*  Mid  of  tlie  tranafereuee  of  foree  when  a  fbree  aeta 
on  a  body  I  IM.  Oiva  example*  iboving  relation  of  velocity  to 
qoantity  of  matter.  What  i*  stated  to  be  a  fundamental  priaaiple 
ofrnMihsaicit  What  ia  mcnneDtain  t  13«.  What  ia  valooity  f  How 
may  wa  daaeiiba  an  latpaetl 
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a — ^When  the  wwwmmiii  are  equal,  the  moments  are  proportionil 
to  the  velocities. 

&-— When  the  TelodtieB  an  equal,  the  moments  are  proportionil 
to  the  maaaea. 

«->Wheii  neither  the  Tolocitiea  nor  maaaeo  are  equal,  the  ■•- 
men ts  are  proportional  to  the ptodimi  of  the  maeeea  and  TeloGitieL 

From  these  laws  it  will  be  easily  seen  why  great  maasss,  at 
loaded  ships,  ioebergB,  Ac,  though  they  move  but  slowly,  exert 
such  crushing  force  upon  objects  with  which  they  come  in  can- 
tact;  and  also  why  cannon  and  musket  balls,  in  oonaequenct  of 
their  great  velocity,  are  so  destructive. 

127.  Impact — ^When  a  body  in  motion  encounters  another,  the 
velocity  and  momentum  of  both  undergo  certain  dmngesi  whick 
depend  on  the  elasticity  of  the  bodies,  and  other  physical  dram- 
stances. 

a — ^When  a  body  in  motion  strikes  another  at  rest,  it  can  con- 
tinue to  move  only  by  pushing  this  body  before  it,  and  it  mwX 
impart  so  much  momentum,  that  aftw  impact,  both  may  mofi 
with  a  common  velocity.  If  the  masses  of  the  two  bodies  are 
equal,  it  is  evident  that  aftw  impact,  the  momentum  will  be 
equally  divided  between  them,  and  their  velocity  will  be  one  half 
of  the  velocity  of  the  moving  body  before  collision.  If  the  UMai 
at  rest  is  double  the  mass  in  motion,  the  common  velocity  will 
be  one  third ;  and  generally,  when  a  moving  body  conununicates 
motion  to  a  body  at  rest,  the  velocity  of  the  two  united,  will  be 
to  that  of  the  moving  body  as  the  mass  of  the  latter  ia  to  the 
sum  of  the  nuusses  of  both. 

If  a  musket  ball,  whooe  weight  ie  j'^  lb.  sad  its  velocity  ISOO  ftel 
a  eecond,  strikee  a  siupended  eaanon  ball  weighing  48  Iba,  it  will  pat 
it  in  motioD,  and  their  eommon  velocity  will  be  to  that  of  the  bollel  m 
^  it  to  48  +^1^,  or  aa  1  is  to  951 ;  the  velocity  of  the  two  is  there- 
fore y^f  or  about  li  feet  a  second. 

h — ^Bodies  moving  in  the  same  direction  may  impinge,  if  their 
velocities  are  different  If  an  inelastic  body  overtakea  My^thw 
the  first  will  accelerate  the  second,  and  the  second  will  retard  the 
first,  until  they  have  acquired  a  common  velocity,  when  they  will 

12Sb  Mention  the  laws  of  momentun.  What  is  said  of  iee-berge 
and  mneket  balls  f  1S7.  Whet  follows  when  a  body  in  motion  strikes 
another  at  reetf  When  the  messes  are  equal  f  when  the  roaes  at 
reet  is  doable  the  mass  in  motion  f  Give  the  example  in  Ulostre* 
tioD.     What  is  the  effect  when  an  inelaetie  body  overtakee  matter  I 
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more  on  together.  Since  the  bodlM  more  in  the  same  direction, 
there  can  be  ao  increue  or  dimiaution  of  the  total  momentum 
by  impact,  but  only  a  re-^tribution.  If  they  are  equal  in  mass, 
their  relocity,  after  impact,  viU  be  half  the  sum  of  their  previous 
Telodtiee. 

If  bafora  impse^  A  had  a  valoeity  of  6,  aod  B  ■  veloaity  of  4, 
thea  their  oommen  Taloaity  will  be  6. 

^e  two  bodies  may  hare  unequal  mannm  as  well  as  relocitiM. 

If  the  mtm  otAiaS,  and  itaTelooity  IT,  itamom«titQmwilIb«18tL 
If  B  hai  a  man  of  A,  aod  Telocity  of  10,  iu  momentum  will  be  VI. 
Tba  •am  IDA,  which  i«  the  total  momoDtum  of  the  united  maMea 
alter  impact  i  andthaaDrndiTided  by  the  (am  ef  the  maatea.^Tea  14, 
the  eommon  Telocity. 

e — If  two  equal  bodies,  moving  with  equal  velodtien  in  oppo- 
aita  directions,  impinge  on  each  other,  their  moments  being  equal, 
win  be  mutually  destroyed,  and  the  bodies  will  remain  at  rest 
The  force  of  the  ehock,  in  this  case,  is  equal  to  that  which  eitha 
would  sustain,  i(  while  at  rest,  it  were  struck  by  the  other  with 
*  double  velocity.  If  the  moments  of  the  bodies  are  unequal, 
then,  after  impact,  they  will  move  together  in  the  direction  of 
the  greater,  and  their  joint  momentum  will  be  equal  to  the  dit 
fereoce  of  their  previous  momenta,  and  their  Telocity  wilt  be 
found  by  dividing  that  differenoe  by  the  sum  of  the  masses, 

d — These  laws  may  be  shown  experimentally,  by  suspending 
two  balls  at  the  centre  of  a  graduated  arc,  aud  producing  im. 
p»ct  according  to  the  cooditiona  described. 

If  two  bodies  moving  in  different  lines  impinge  on  each  other, 
then,  alter  contact,  they  will  move  together  in  the  diagonal  <rf 
that  paralMogram  whose  sides  represent  their  previoua  mo- 
ments and  directions. 

138.  Tls  wtrti. — If  the  body  impinged  oa  is  immovable,  or 
very  Urge,  OMnpared  with  the  moving  body,  no  motion  will 
eosue,  and  the  ccdlision  will  affect  only  the  point  of  impact 
TIm  eAects,  (aod  in  case  the  body  at  rest  is  penetrated  by  the 


Illustrate  wbat  happani  when  the  two  bodie*  haveODeanal  n 
oa  wall  aa  valoeitieal  What  ia  tba  effaet  when  eqnal  bodiea 
Ting  in  oppoaite  direeliuna  with  equal  velocity  lmpiD|[a  I  Wli 
thaforoeof  thaefaookl  What  ia  ihe  aSaot  if  thay  ara  moTing 
xiw  may  these  Uwa  be  lllnstratW  I 
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other,)  the  depths  penetrated^  are  as  the  agtuires  of  the  velocities 
multiplied  into  the  mass  of  the  projectile. 

If  two  unequal  balls,  as  a  six  aod  twelve  pounder,  hare  veloeitici 
iiiTersely  as  their  masses,  tbeir  momenta  will  h^  equal ;  both  viD 
move  and  overturn  the  same  obstacle,  but  they  Trill  not  peoetiate  s 
body  to  the  same  depth,  for  both  will  overcome  f  eaiatanee  for  tbt 
same  tiine,  and  during  that  time  the  swifter  ball  will  penetrate  twict 
as  far  as  the  other. 

The  penetrating  effects  of  projectiles  are  equal,  when  their 
masses  are  inversely  as  the  squares  of  their  ▼^ocitiea^  so  thit 
their  moments  multiplied  into  their  velocities  may  be  equal 

121K  Formula  for  projectile  loroe. — ^Beaufoy  determined  tlHt 
a  body  of  1  lb.  weight,  with  a  velocity  of  1  foot  in  a  scceod, 
strikes  with  a  force  ec^ual  to  0*5003  lb.  To  find  the  force  of  im- 
pact of  any  projectile,  we  have  the  general  formula, 

F=0.500S  MV^. 

The  motion  communicated  to  very  large  or  immovable  bodief 
by  an  impact  of  small  ones,  is  not  lost,  but  becomes  insensible 
from  its  enonnous  diffusion.  Motion  can  be  destroyed  only  by 
motion ;  friction  and  resistance  disperse,  but  do  not  destroy  iL 

130.  Difihision  of  motion  requires  time. — An  impact  can  act 
directly  upon  only  a  few  of  the  molecules  of  the  body  to  which 
it  imparts  motion. 

The  power  which  projects  a  bullet,  acts  on  only  one*half  itA  anrfaea 

The  motion  must,  therefore,  be  diffused  from  the  parts  struck, 
to  all  the  other  parts  of  the  body,  before  it  can  begin  to  move; 
and  this  diffusion  requires  time,  which  may  be  short  indeed,  but 
is  not  infinitely  so.  It  liappcns,  therefore,  that  a  movable  body, 
if  stnick  by  another  moving  with  great  velocity,  may  be  pene- 
trated or  broken  at  the  point  of  impact,  without  being  itself  put 
in  motion.  Such  effects  a[)pear  incredible  to  persons  unacquaint- 
ed with  the  inertia  of  matter,  and  its  consequences. 

A  rifle  ball  may  be  fired  through  a  pane  of  glass  suspended  by  a 
thread,  without  shattering  the  glass,  or  even  causing  it  to  Tibrnte. 


128.  What  is  the  result  when  the  body  impinged  on  is  immova- 
ble! What  the  effect  when  the  body  is  |>enetratcd  f  Mention  the 
illustration.  When  are  the  penetrating  efFrcts  of  projectiles  equal  f 
129.  What  is  the  general  formula  for  pr<»jeotil««  force!  130.  What 
is  said  of  the  diffusion  of  motion  requiring  time  f 


uw>  or  Monoif. 


A  half  span  door  may  b«  perferatwl  bj  a  eommoB  ball  vitbont  b«- 
ing  shut  by  it  A  loft  miuiU,  lib*  talloir,  or  a  ligbt  ods.  like  a 
batber,  will  act  wilb  tha  force  of  lend,  if  aafficient  velocity  ii  giTcn 
to  'A  Firing  a  talloir  oanill*  tbrongh  a  board  ii  a  well-known  trick 
of  ihowDien.  In  ricoc/nl  firing,  a  i»niioa  ball,  thot  at  an  eletatioa 
of  from  i°  to  6°,  rebouadi  from  tbe  earfaee  of  water,  juit  ai  aveiy 
boy  liai  made  flat  itonea  ikip  frora  point  to  paint  on  its  sarface.  The 
recoil  of  a  gun  does  not  begin  to  be  fait  until  the  ball  has  left  the 
■DDUth  of  the  piece.  The  experimeDt  in  proof  of  thia,  waa  fint  per- 
formed at  Bciuhelle,  in  1667,  by  order  of  the  Cardinal  Bicbeliea.  A, 
eannon  waa  suepended  tike  a  pendulam,  from  the  end  of  a  long  (haft, 
and  a  ball  (hot  from  it  struck  precisely  as  it  did  whan  th«  eannon 
waa  fixed  ;  but  it  it  had  begun  to  move  before  the  ball  waa  dia- 
charged,  tha  point  struck  woold  bava  b«en  lower,  depending  on 
the  amount  of  resoiL 

131.  ntebalUitiopandnlniB,  B7 

tt  large  matis  of  wood  or  metal, 
smpended  freely  by  a  longtihaft. 
Is  employed  to  measure  tbe  ve- 
locity of  prqjectileH,  on  the  priti- 
cipleH  of  impact  (Fig.  87.) 
The  ball  is  fired  into  the  solid 
block  of  tbe  pendulum,  and  the 
bright  to  which  it  oncillatea  by 
the  blow,  18  shown  by  an  index  " 
oa  a  graduated  arc,  and  deter- 
mines the  velocity  with  which 
the  pendulum  began  to  move,  ^ 

wheu  its  momentum  was  equal  to  that  of  the  ball 

1.12.  Impact  of  alaatlo  bodlaa, — When  coUiaion  take«  place  be- 
tween perfectly  clautic  bodies,  the  loss  of  momentum  suatained 
by  each,  is  twice  as  great  as  in  inelastic  bodies,  for  when  two 
elastic  bodies  strike  together,  the  porta  of  each  are  compressed, 
and  when  this  foVcc  ceases,  the  particles  return  to  their  original 
positions,  and  import  reciprocally  an  impact  opposite  to  tlie  for- 
mer motion  of  each. 

If  the  maRscH  of  two  elastic  bodies  are  equal,  after  impact,  they 
will  exchange  both  their  directions  and  velocities. 


Give  examples  in  i11ui>>ii>kivii.      •• 
perimenti     i:il.  tlMcribe   tha  ball 


■ud  of  tha  impact  of  elastic  bodies  t 


What  WW  Cardinal  Richelieu'a  ex- 
■-""'"  panduluui.     13a.   What  ia 
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a — If  both  more  diredlj'  towardi  tttit  other,  altor  ooOiniai, 
the^  will  both  recoil  with  invene  vdodttea. 

5 — If  both  move,  with  diffstent  velodtieB,  In  the  s 
after  impact,  they  will  oontimie  hi  the  m 
inTerted  relodtiea. 

e — If  one  bodj  is  at  rest,  after  impact,  the  ttriking  bo^  be- 
comes Htationarj,  and  the  othff  nxires  od  with  the  rdod^  tt 
the  impingini;  bodj. 

These  laws  may  be  experinwDtallr  ahown  with  iroiy  belb,  » 
the  fbllowing  manner. 

88  If  MT«nl  equal  liwy  balla  are  aupaBM, 

■■  ia  flg.  88,  and  the  «i»t  la  let  Ml  on  tke 

otben,  the  laat  only.  No.  1,  will  more,  aad 
tfaii  tUrto  with  the  momentam  whieh  Ha.  I 
had  at  the  iaitant  of  itriking  So.  S  ;  agaU, 
No.  1  falling,  wiU  eanM  So.  1  to  nee,  aad 
thU  altaroate  moTement  of  the  extreme 
belli  of  the  leriei  will  eentiDoe,  nntil  de- 
Btroyed  by  frictioo,  aad  the  reeiatance  of 
Uie  air. 


133.  If  an  elaatlo  body  atrikea  an  eUrtla  plane,  it  will  reooO 
with  a  Telocity  equal  to  that  of  impart.  If  the  impact  is  perpwt- 
dicutar,  it  retumg  in  the  same  (Erection ;  if  it  la  oblique,  the  body 
rebounds,  under  the  same  angle,  in  an  oppoeiie  direction ;  or,  aa 
it  ia  usually  stated,  the  angle  of  ittcidenct  ia  equal  to  the  ma^ 
of  r^fiailion. 

184.  Hewton'a  lawi  of  motloti Befbre  the  principles  of  me- 
chanical philoBophy  were  well  established,  the  property  of  inertis 
and  its  consequences  were  stated  by  Newton  in  three  fbrmuls, 
called  by  him  the  la«i  of  moli'tm,  which  are  so  &mou8  in  the 
history  of  physical  science,  and  formerly  so  important,  that  thc^ 
ought  to  be  remembered  by  every  atudont. 

1.  EVtrybody  continue*  iniltttateofrett,  or  <if  ttn^onm  mo- 
tion, vhUm  eomprlUd  to  ehange  that  »talt  by  an  exttnutl/arM. 

8.  Etery  c\angt  of  motion  ■'«  in  the  dirtelion  ^  thefvrt*  fe*- 
pretied,  and  it  proportional  to  it. 


T>  DBu  ma  [WO  bodiai  are  equal  what  \»  tlie  rMult  t  What  when 
one  body  ia  at  reat  I  Hcntiou  the  experiment  with  the  iiorj'  ball^ 
ISl.  What  ia  tiie  remit  vhsn  an  elaiLii!  bodj'  atrikM  aa  elailio  pUua  I 
IM.  What  ia  aaid  of  Newtoo'i  laws  of  metien  ) 


Vheo  the  ti 
le  body  ia  a 
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S-  Aetion  and  rtaetivn  are  tgval  and  eontrarf  ;  er  tht  aeticiu 
of  ttM>  hoditt  on  eocA  oth^  are  equ^l,  and  oppMiU  in  dirtelion. 

TIm  flnt  Uw,  is  ft  defloition  of  iiuTtw. 

The  aMond,  ia  atrictlj  true  only  of  a  body  at  r«at ;  for  if  a  body 
•Iready  in  motioD  ia  acted  on  by  another  force,  or  if  two  forcea 
act  together  oo  a  body  at  rest,  then  it  will  move  in  the  directicm 
of  neither,  but  between  than,  aoc<»ding  to  the  law  of  rompo- 
•itioB  of  fiM««A. 

The  third,  meana  nothing  more  than  the  eqnal  intarcha&ge  of 
RMXBentuDi,  in  opposite  directiona,  between  bodiea  which  come 
into  ooUiewn. 

Oratitation. 

136.  Onivltatlaa  is  that  imiTersal  force  which  all  matter  obeya, 
and  which  maintoina  the  order  and  stability  of  the  unirerae. 
The  discorery  of  ita  laws  was  begun  by  Newton,  in  IMS,  but 
not  completed  until  June,  1683 ;  when  he  received  Picard's  new 
measurement  of  the  arc  cf  a  meridian,  a  quantity  indisp««iBable 
to  his  calculations. 

The  laws  of  gravitation  may  be  Ktated  aa  foUowB :  Ettry  par- 
tieU  of  matUr,  attraeU  Mory  olh^  partieU  in  Ike  dikbct  ratio 
^  iu  MOM,  and  in  tke  uvbub  ratio  ^  the  tgvare  ^  iU  di»- 
tanee. 

Hiat  ia,  if  the  ma«  of  od*  particle  ii  S,  S,  or  4  timea  greater  than 
the  anm  at  another,  iti  gravity  ia  abo  t,  8,  or  i  time*  greater;  and 
if  the  diitaoee  ia  t,  S,  or  (  timM  inereaeed,  tbe  foree  of  gravity  it  4, 
9,  or  IS  timee  diminiafaid. 

Let  Jf  and  n  represent  the  masses,  2)  and  d  tbe  diatancea,  and 
0  and  If  the  forces  of  g^vity  of  two  partidM,  then 

0:g::M:m 
tmi  0  :  if : :  d*  :  2>* 

180.  ApsUetUontttbaOmatfofgrwwtlatLaatot^tioaonrf. — 
Tbe  announceawnt  of  these  laws  was  one  of  those  prime  discor- 

eriea  which  mark  and  make  an  era  in  the  history  of  ~~' 

For  the  fiitura,  it  rendered  impoesiUe  any  retrograde  m 


What  k  gravitation  !  When  and  by  whom 
are  the  law*  ef  grsvitatioa  I    Give  the  fci 
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like  that  in  which  men  lost  sight  of  the  true  system  of  the  world 
once  taught  by  Pythagoras.  When  the  planetary  Ibrces  vid 
motions  were  shown  to  be  identical  with  those  existing  at  the 
earth's  surfkce,  astronomy  rose  from  a  scienoe  of  mere  ofaeem- 
tion,  to  the  rank  of  an  experimental  scienoe  of  number  and  quan- 
tity. Hencef<nlh  caloulation  predicted  and  rerified  the  resulli 
of  obsenration,  and  thus  furnished,  astronomy  speedUy  beeune 
what  it  now  is,  the  most  perfect  branch  of  Physical  Philosophy. 
Previous  to  Newton's  disoorery,  the  yarious  branches  of  mathe- 
matical and  mechanical  science  had  reached  a  point  where  they 
could  advance  no  further,  without  some  such  principle  to  reduce 
them  all  into  a  connected  system.  The  discoveries  of  the  ancient 
geometers,  the  dynamical  experiments  of  Qalilco,  the  singulir 
proportions  observed  by  Kepler,  in  the  motions  of  the  planets, 
and  the  speculations  of  Hooke  upon  attraction,  smoothed  some 
of  the  first  obstacles  in  Newton's  path  of  disoorery,  and  pre- 
pared a  state  of  knowledge  in  which  his  master  mind  oould 
effectually  exert  its  powers.  The  axioms  of  dynamics  were  ap- 
plied by  him  to  the  complete  explanation  of  all  the  great  and 
many  of  the  minutest  plienomena  of  astronomy.  In  doing  this, 
he  found  the  mathematics  of  hiit  age  insufficient,  and  he  there- 
fore invented  the  method  of  fluxions,  or  differential  calculus^ 
which,  us  a  means  of  discovery,  **•  bears  the  same  proportion  to 
the  methods  previously  in  use,  that  the  steam-engine  does  to  the 
muohanicul  powers  employed  before  its  invention."* 

The  consideration  of  the  laws  of  gravitation,  as  applied  to  the 
elliptic  motions  of  the  planets,  and  their  complex  irregularities, 
to  the  conietary  orbits,  and  the  vastly  remote  systems  of  binary 
stars,  belongs  to  celestial  mechanics,  or  astronomy ;  we  are  here 
concerned  only  with  less  grand,  but  equally  interesting  phenom- 
ena, produced  by  the  attraction  of  the  earth  upon  small  bodies, 
momentarily  detached  from  its  general  mass. 

l.JT.  Terrestrial  gravity.— The  laws  of  gravitation,  in  the  ab- 
stract and  general  form  in  which  they  have  just  been  stated,  do 
not  immediately  apply  to  the  attraction  of  the  earth,  or  of  the 


*  llenchers  prelim.  diBeoune. 


186.  What  is  said  of  the  aniiouiiceiiuMit  of  thne  laws  ?  What  of 
mathematical  Mrieiioc  pr«*viou9  to  New! on  \  Wiiat  diMoveries  re- 
niov«tl  some  of  the  ob«(aclos  in  Newton's  path  of  di«coverv  I  What 
application  of  the  laws  of  gravitatiuu  were  made  by  Newton. 


mr.  89 

other  planets.  Tbey  an  not  mere  partieht,  but  grMt  spheriotl 
mtiinm  of  DntUr.  Newtm,  howerer,  ha«  demonttisted  thkt  A 
particle  of  matter,  placed  without  a  hollow  Bphera,  in  attracted 
in  predldj  the  same  manner  aa  if  the  whole  mage  of  the  aphere 
were  collected  into  its  centre,  and  cooatituted  a  single  partide 
there.  The  same  must  be  true  of  solid  spheres,  since  they  may 
be  oonaidered  aa  composed  of  an  infinite  number  of  hollow 
■phens,  baring  the  same  centre. 

188.  Fcm  ef  the  Mrth^Althou^  tb*  earth  U  described,  in 
gMiend  terms,  as  spherical,  it  is  not  exactly  ao,  but  spheroidal, 
or  CMnpressed  in  the  direction  of  its  axis,  so  as  to  have  some 
necmblance  to  the  figure  of  an  ontnge.  lUs  deriation  is  too 
small  to  afiect  the  mutual  attractions  of  the  earth  and  planets, 
at  the  immense  distances  which  lie  between  them;  but  it  is  CMi- 
sidcrable  enou^  to  cause  iiregularitieB  in  the  motions  of  the 
moon,  and  in  the  weight  and  fiUl  of  bodies,  at  the  earth's  sur- 
iiwe.  According  to  Beasel,*  the  earth's  equattwial,  exceeds  its 
polar  diameter  hj  nearly  2Ai  milea.  (86-471.) 

Thii  diSateDoa  ii  trifling  when  eompared  with  the  whole  dim«i> 
*!oDi  i>f  the  earth ;  io  aa  exact  piodd  of  10  inohe*  diaoiet«r,  it 
would  ba  only  J.  of  an  inch  ;  a  qaaotity  too  amall  to  b«  detaetad 
by  the  moat  practiaad  aya  or  baud. 

18>.  Laoal  TariatloiMaftb«lBt«MltTcfgT«vit7^W«ightis 
a  particular  instano*  of  gravity,  the  ^eet  of  which  the  earth's 
attnctioD  ii  the  cause.  If  the  earth  were  a  perfect  sphfre,  the 
same  body  would  be  equally  attracted,  and  therefore  have  the 
same  nei^t  at  every  point  on  its  eurfue:  because  a  sphere  is 
everywhere  aymmotrical;  and  the  body  would  be  everywhere 
equally  distant  from  the  centre.  But  a  spheroid  is  not  syinroet- 
rical  in  the  same  manner,  and  a  body  placed  at  its  equator,  and 
a  aitailar  one  at  its  pole,  stand  in  different  relations  to  the  whole 
mass,  and  the  weight  of  either  of  them  will  be  the  grealeat  at 
the  poles,  and  gradually  diminish  from  thence  to  the  equator, 
where  it  will  be  leasL    There  is  a  latitude,  intermediate  between 

■  Henofael'a  aatroDomy,  page  18S. 

117.  What  is  laid  of  tarraatrial  gravity  I  What  haa  Newtoo  da- 
mooitratad  of  the  attractioo  of  a  hollow  aphera  t  ISS.  What  ia  the 
form  of  the  earth  I  How  may  this  triBtng  differeoea  ha  illnatratad  I 
189.  What  ia  aaid  of  iha  waij^t  of  abody  itUwaarth  wm  a  aphera  I 
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the  poleSf  and  the  equator,  where  the  earth  attracts  bodies  on  iti 
sur&ce,  as  if  it  were  a  sphere ;  and  in  that  latitnda,  bodies  iiH 
fidl  through  16^  (16*0697)  feet  in  a  second.  Newton  and  othcn 
have  determined  that  the  difference  of  weight  due  to  the  el- 
liptical form  of  the  earth  alone,  is  the  jf^th  part  of  the  wfaoii 
difference,  which  has  been  found,  by  repeated  experiments,  lo  bt 
ylfth  part  of  the  total  weight  of  the  body.  The  large  remaiii- 
der,  f  j^th  part,  is  due  to  the  centrifugal  force,  produced  by  tin 
earth's  rapid  rotation  on  its  axis.  This  force,  irhich  is  nothing 
at  the  poles,  regularly  increases  from  thence  to  the  equitoi^ 
where  it  is  greatest,  and  in  the  same  ratio  diminishes  the  aensifali 
gravity  of  bodies. 

The  same  body  is  therefore  9pec{fieallff  lighter  at  the  equator, 
than  at  the  poles  of  the  earth,  in  the  ratio  of  194  to  195.  TUi 
difference  cannot  be  detected  by  the  balance,  because  the  tf>S»g 
weighed  is  counterpoised  by  an  equal  standard  weighty  under  the 
same  circumstances ;  and  if  both  are  removed  to  another  station, 
their  weight,  if  changed,  will  be  changed  equally,  and  a  body 
and  its  coimtcrpotse  once  adjusted,  will  continue  to  balance  each 
other  wherever  they  are  carried.  It  is  not  in  this  sense  that 
194  lbs.  at  the  equator  will  weigh  195  lbs.  at  the  poles  -  but  if 
we  conceive  a  body,  y^  suspended  by  a  89 

cord,  imagined  without  weight,  passing 
over  a  pully  at  the  equator,  as  in  the 
annexed  figure,  89,  and  connected  by 
other  pulleys  with  ?,  another  equal 
weight  at  the  poles;  then,  although 
tlio  weights  would  counterpoise  each 
other  in  a  balance,  they  would  not  in 
tliis  situation,  but  the  polar  weight 
would  preponderate,  and  y  would  re- 
quire to  be  increased  by  y^^th  part,  to 
restore  the  equilibrium. 

In  consequence  of  the  second  law  of  gravity,  the  same  body 
is  less  heavy  on  tlie  top,  than  at  the  l)ase  of  a  lofty  mountain, 
because  it  will  be  tlien  further  removed  from  the  efuth*s  centra. 


WImt  as  the  earth  is  a  sphernid  f  Wliat  is  tho  difforciice  in  wvifrht 
of  a  lM)dy  owing  to  the  spheroidnl  form  of  tho  varth  \  Why  oaiiDot 
this  difference  be  detected  by  tho  biilanoe  f  llov  may  this  tiirier^ 
eiice  be  illustrated  f  What  is  said  uf  tiiu  weight  of  a  body  at  dilfe* 
reut  elevatiooa  above  the  earth  s  surface  I 
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A  bod;  washing  1000  11m.  at  th«  ««rth'»  rarfitM,  1mm  8  Iba.  at 
mn  elevation  at  foor  milei.  and  at  the  dbtanoe  of  the  moon,  iu  wn- 
uble  weight  would  ba  onl;  five  onncea. 

When  a  bodj  peaetrates  below  the  earth's  sur&ce,  its  sensible 
gravity  is  also  diminished.  Whatever  part  of  the  earth  is  above 
the  body,  attracts  it  towards  the  sur&ce,  while  the  miss  below 
attracts  it  in  the  opposite  direction,  and  the  body  tends  towards 
the  earth's  centre,  with  the  difference  of  these  two  fbrces. 

Could  a  body  be  placed  ia  an  empty  ipaee,  at  the  eentre  of  the 
earth,  it  would  beioitained  there  in  eqailibriom,  without  any  mate- 
rial tnpport,  by  (be  aetion  of  equal  aod  oppoelte  attrsctiong. 

140.  Hu  dlracttan  of  the  Ibroe  of  graTlty  is  a  vertical  line, 
whidi,  if  produced,  would  pass  through  the  centre  of  the  earth. 
This  position  is  always  assumed  by  ap2uinft-Iin«,  (a  weight  freely 
sospended  by  a  cord,)  and  a  line  or  plane  at  right  angles  to  it,  is 
said  to  be  horizontal  The  direction  of  the  vertical,  is  evidenUy 
different  for  each  place,  and  since  this  direction  determines  the 
tttrms  up  and  (£oien,  these  eipresaiona  have  only  a  relative  mean- 
ing, and  change,  as  the  direction  of  gravity  changes,  in  passing 
ft<om  one  place  to  another. 

Two  plumb-Uoes,  therefore,  can  nerer  hang  absolutely  parallel, 
but,  on  account  of  the  magnitude  of  the  earth,  their  convergence 
is  imperceptible  within  moderate  distances.  At  greater  distances, 
when  miles  iatcrrene,  the  convergence  of  the  perpendiculars 
must  be  estimated     Its  amount  is  one  minute  in  a  geographical 

141.  Plttmb-Uiw  la  the  Tidnltfal  amoontalii. — BatlmaUoa 
of  tha  Aanjdtf  al  th«  aarth. — In  the  vicinity  of  a  mountain, 
a  plumb-line  is  not  truly  perpendicular,  but  drawn  to  one 
side  by  the  lateral  attraction  of  the  mass.  This  deviation  is 
measured  by  observations  on  the  zenith  distances  of  a  star, 
at  stations  on  opposite  Rides  of  the  mountain,  and  on  the  same 
meriiUan.  It  was  first  noticed  in  1788,  by  the  French  acad- 
emicians engaged  in  measuring  a  meridian  arc  in  Peru.  In  1TT4, 
Haskclyne  found  a  deriation  of  6'  6",  caused  by  the  lateral  at- 

Whet  when  a  body  penetratei  below  the  earth'*  ■nrfaeel  What 
imaid  of  a  body  at  thr  centre  of  the  earth  t  141).  Whatia  tli«  direc- 
tion of  the  force  ot  gravity  T  What  ig  a  horizontal  line  or  planet 
WbsL  k  Mid  of  Uie  tenn*  op  and  down  )  What  of  the  uonvei^enea 
of  perpeodieular  line*  f  141.  What  i«  tii*  diraetioo  ot  a  plumb-line 
la  the  vieiaity  of  a  b — *-'" ' 
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tractioa  of  Schehillieii,  a  mountain  in  SootlAncL  Hie  aeennte 
inyestigation  of  this  problem,  was  one  of  the  MglMiTi  impormw 
in  astronomy,  since  it  flimiflhed  the  meuw  of  detennining  Ai 
mean  density  of  the  earth,  hj  comparing  its  attraction  witi^  fte 
attraction  of  a  part  of  its  mass,  iidiOBe  density  oould  be  aaov- 
tained  by  direct  experiment 

The  same  result  is  attained,  with  much  greater  predsioii,  \ij 
the  fiunous  Cavendish  experiment,  in  which  the  earth's  attn^ 
tion  is  compared  witii  Uiat  of  a  mass  of  lea& 


Carendish't  determioationt  of  the  douity  of  the 
by  meant  of  an  apparatus  tnggetted  by  the  Rer.  John  If  icheU. 

"  Miohell'fl  apperatua  wm  a  delicate  tornon  balanee,  eonaiitiaf  if 
a  light  wooden  arm,  suspended  in  ahoriiimtal  poeitioD,  bj  lali^r 
wire,  40  inches  long,  and  having  a  leaden  ball  about  S  inehM  is 
diameter,  hung  at  either  extremity.  Two  heavy  spherieal  mssiM  ef 
metal  were  then  brought  near  to  the  balls,  so  that  their  attrsnt**— 
conspired  in  drawing  the  arm  sside.  The  deviation  of  the  ana  wm 
obeerved ;  and  the  force  necessary  to  prodnee  a  given  deviatioa  ef 
the  arm,  being  calculated  from  its  time  of  vibration,  it  was  ibasd 
what  portion  of  the  weight  of  either  ball,  was  equal  to  the  st- 
traction  of  the  mass  of  metal  placed  near  it  From  the  kaowa 
weight  of  the  mass  of  metal,  the  distance  of  the  eentrce  of  the 
mass,  and  of  the  ball,  and  the  ascertained  attraction,  it  is  easy  to 
determine  the  attraction  of  an  equal  spherical  mass  of  water,  vpsa 
a  particle  as  heavy  as  the  ball  placed  on  its  sorlaoei  Now  the  at- 
traction of  this  sphere,  will  have  to  that  of  the  earth,  the  esme 
ratio  as  their  densities ;  and  aa  the  attraction  of  the  earth  ia  equal  Is 
the  weight  of  the  ball,  it  follows,  that  aa  the  calculated  attraoUea 
is  to  the  weight  of  the  ball,  so  is  the  density  of  water  to  the  earth's 
density,  which  is  thus  detemiined."  (Wilson's  life  of  CavendislL) 

A  comparison  of  about  two  thousand  experiments  with  this 
delicate  apparatus,  conducted  by  Mr.  Francis  Bailey,  determined 
the  mean  density  of  the  earth  to  be  5*6604  times  that  of  water. 
It  is  worthy  of  remark,  that  Newton,  whose  gueue9  were  often 
worth  more  than  the  researches  of  less  sagacious  men,  had  con- 
jectured the  earth*s  density  to  be  between  6  and  6  times  the  den- 
sity of  water. 

How  is  the  deviation  from  a  perpendicular  measured  t  By  whom 
was  the  deviation  first  noticed  T  i)f  what  im[>orUnce  is  ita  accurate 
determination?  Describe  Cavendish's  experiment,  What  ia  the 
mean  density  of  the  earth  t 
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lit.  OBBtr*  ti  gniTltj. — Tb«  toreea  vrith  which  the  earth  *t- 
tncta  the  molecoLw  of  tH  hodiea  at  its  suiftce,  may,  therefore, 
be  considend  parAlle]  to  each  othov  ainoe  they  oonTerge  towardi 
•  point,  the  earth's  centre,  at  an  infinite  distance,  compared  with 
be  dimensions  of  the  bodies.  The  number  of  these  equal  and 
parallel  attractiane  is  the  utne  as  the  number  of  the  molecules ; 
but  rince  there  is  in  erery  body  a  point  about  which  its  mole- 
colea  are  equally  distributed  in  all  directions,  all  these  attractions 
nay  be  replaced  by  a  single  force,  applied  at  this  point,  which 
is  called  the  e«»lr«  ^gravity  of  the  body,  or  the  centre  of  equal 
and  parallel  forces.  In  solids,  thn  is  a  fixed  point,  and  does  not 
diange,  whatever  nay  be  the  position  of  the  body  itself;  for,  we 
have  already  aem,  (£111,)  that  the  point  of  application  of  the 
nsultaot  t^  parallel  forces,  is  indepeadctit  of  their  direction. 

148.  Bxperimeotal  datandnatiaB  of  tha  oentre  of  (rartty. — 
IThen  a  body  ti  freely  suspended,  it  will  remain  at  rest  only  when 
the  vertical  of  the  oentre  of  gravity  coincides  with 
the  direction  of  the  cord  of  suspension ;  for  two 
«qnal  forces  are  in  equilibrium  only  when  they 
act  in  opposite  directions.  This  oonsideradon 
affords  the  means  of  flmUag  the  centre  of  gravity 
by  ezperimeuL  U,  therribre,  any  insular  solid  is 
auspMided,  as  in  flg.  BO,  its  eantar  of  gravity  will  ^^ 
lie  in  the  line  e  d,  proleaged  throngji  its  interior. 
It  will  also  lie  in  the  line  a  A,  by  which  the  body 
is  a  saoond  time  suspended,  and  being  found  in 
both  linea,  it  must  neoeasarily  be  at  their  intersection. 

144.  Oente*  of  (nTtty  of  tefolar  fifims. — In  case  of  solids 
wUeb  have  a  regular  figure,  and  uniform  densi^,  it  is  not  ne- 
eeaaajy  to  reaort  to  experiment  In  such  bodies,  the  centre  of 
gravity  coincides  with  the  oentre  of  magnitudes,  and  to  find  it, 
is  a  question  purely  geometzkaL  The  truth  of  this  acsertian 
■ay  be  shown,  if  we  suppose  a  plane  or  line  to  be  divided 
into  two  equal  and  similar  parts,  so  that  its  molecules  are  ar- 
langed  two  by  two,  with  respect  to  the  dividing  line.  Take 
any  two  molecules  similarly  situated,  on  opposite  iUm  of  the  di- 

14a.  Wb«t  u  the  eeotT*  ofnavityl  US.  When  will  a  body 
freely  innMnded  remain  at  rest)  How  ii  the  eentre  of  graiity  M 
an  irrtgalar  fbrir*  determiDedt  144.  What  ii  laid  of  tba  eeotre of 
gravity  of  a  refular  toUit 
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Tision,  their  moments  will  be  equal  uid  opposite ;  and  so  also  of 
every  other  pair ;  therefore,  the  resultant  of  the  sjatem  must  be 
at  the  point  of  diTision,  and  the  cmtre  of  gimTity  is  tbere  aba 
The  centre  of  gravity  of  a  cirdei  or  sphere,  is  st  the  ecatre  of 
each ;  of  a  parallelogram  or  prism,  at  the  intersection  of  the  di- 
91  agonals ;  and  of  a  cylinder,  at  dw 

middle  point  of  its  aziSb  To  Had 
the  centre  of  gravity  of  a  txianglc, 
fig.  91,  draw  a  line  A  2>,  from  the 
vertex  to  the  middle  point  of  tlu 
base ;  it  will  divide  equally  aD  tbe 
lines,  as  m  9^  drawn  parallel  to  tbe 
..c  base.  If  the  triangle  is  plaoedsotlMt 
the  line  A  D  may  be  ezactJy  over 
the  edge  of  the  prism  PQ,  eacfaoee 
of  the  rows  of  molecules  composing  the  figure,  as  m  n,  win  be 
in  equilibrium  on  the  edge  of  the  prism,  since  it  is  supported  at 
its  centre.  The  same  will  be  true  when  they  are  united,  and  the 
triangle  will  not  tend  more  to  one  side  than  another ;  hence  its 
centre  of  gravity  must  be  in  the  line  A  i>,  and  for  a  like  reason, 
also  in  the  line  B  E^  and  therefore  at  their  intersection  G.  It 
may  be  shown  that  the  point,  thus  found,  divides  the  line  join- 
ing the  summit,  and  the  middle  of  the  base,  into  two  parts,  of 
which  the  one  nearest  the  vertex  is  double  that  nearest  the  basa 
145.  Support  of  a  triangular  mass  at  its  anglee. — ^If  it  were 
92  required  to  support  a  triangular  block  of 

marble  at  its  angles,  we  may  find  what 
part  of  the  weight  will  be  sustained  by 
each  support,  by  applying  the  Ibregoing 
principles.  The  weight  of  the  block,  fig: 
92,  which  we  will  suppose  to  be  45  Ibs^ 
is  a  force  applied  to  its  centre  of  gpravity, 
g.  We  have  seen  that  the  distance  h  ^ 
is  twice  the  distance  g  d,  and  hence  we  may  resolve  the  vertioal 
force  of  45  lbs.,  acting  at  ^,  into  two  others;  one  of  10  lb&  at 
ft,  and  the  other  of  30  lbs.  hid;  but  the  laMt  force,  since  it  acts  at 
the  middle  point  of  a  /*«  may  also  be  resolved  into  two  others  of 


How  may  tbe  tmth  of  ibis  be  drawn  f  What  is  the  centre  of  grav- 
ity of  a  eirole  or  a  sphere  t  How  is  the  centre  of  gravity  of  a  tri- 
angle found!  145.  What  is  enid  of  a  triangular  block  of  marble 
supported  at  its  angles! 
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16  lbs.  Mteh,  acting  the  one  tt  a,  and  the  other  at  e.  Hence  the 
weight  of  tbe  triangle  is  equivelent  to  three  equal  forces  acting 
vertically  at  its  anglee ;  and  the  three  points  of  support  sustain 
equal  pnesuns,  whatever  may  be  form  of  tbe  triangle. 

146.  OeobM  at  giartty  lying  without  tlu  body. — The  centre 
of  gravity  ia  not,  necessarily,  in  the  body  93 

itaclfl   but  may  be  in  some  adjoining 
■pace.     ThisiaeTidently trueof  the  solid 
ting,  fig.  98,  and  generally  of  any  I 
low  vessel,  of  whatever  form. 

Of  a  compound  body,  tbe  centre  of  11 
gravity  ig  easily  found  by  composition 
forces,  when  the  weights  and  centres  of 
gravity  of  the  parts  are  known. 

147.  HqnOIbciiim  of  ioUdi  mpportMl  by  an  axla. — A  solid  is 
in  equilibrium  when  its  centre  of  gnvity  is  supported.  But  this 
condition  may  be  fulfilled  in  different  ways,  04 
according  to  the  method  of  support  If  a 
disk  of  uniform  density,  fig.  94,  is  sup- 
ported by  an  axis,  passing  throng  the  cen- 
tre d,  which  is  also  its  centre  of  gmvi^,  it  I 
will  be  in  that  aort  of  equilibrium  which  is 
called  ind^fftrenl,  because  it  has  no  ten- 
dency to  revolve,  either  to  the  right  or  left, 
but  remuns  at  reet  in  all  positions.  If  the  axis  passes  througfa 
b,  the  disk  will  be  in  lUdiU  equilibrium ;  for  if  it  is  turned  about 
its  axis,  the  centre  of  gravity  will  move  in  the  arc  m  n,  and 
being  no  longer  vertically  below  the  axis,  it  will  not  be  directly 
Bopported  by  it,  but  tends  always  to  return  to  its  former  positioa 
If  the  axis  iaat  e,  the  equilibrium  is  urutaib;  for,  if  tbe  centre 
of  gravity  is  in  tbe  least  removed  from  a  position  vertically  above 
the  axis,  it  cannot  return,  but  it  will  describe  a  semi-circle  in  its 
descent,  until  it  comes  to  rest  exactly  below  the  point  of  support 

In  general  terms,  therefore,  a  body  attached  to  an  axis  may  be 
in  stable,  unstable,  or  indifferent  equilibrium,  according  as  its 
eentre  of  gravity  is  below,  above,  or  within  the  axis. 

148.  Bqumbrinm  of  solids  placed  vpm  a  borlaoiital  smrfcce. — 
In  bodies  placed  upon  a  horizontal  sur&ce,  the  oei^n  of  gravity 

Giva  the  iUDilraUon.  146.  What  is  said  of  the  centra  of  gravity 
ofaringl  147.  Wb«D  ii  a  aolid  in  aqpilibTiDmi  Vhen  ia  it  id  in- 
different •qnilibriumt    When  in  etable  and  onitaUe  eqailibriumt 


u  in  thoM  which  an  auspMided,  to&di  to  rlwrnnil,  and  if  tU 
bodies  are  free  to  more,  they  will  r«at  Id  mm  of  tba  poaitieM  of 
equilibrium  just  nuued.  If  njB  ue  tbawn  from  the  ccobc  of 
graritj  to  every  put  of  the  aurbcc,  mhw  of  tbeae  t»j*  win  bt 
oblique,  ind  some  perpendieulw',  or  neimiil to  ttw  miifto^  wbat- 
ever  mftjr  be  the  eztemillbnn  of  the  bodj;  and  amoag  the  nor- 
nul  nTS,  there  w  geoenll;  a  kHigeet  uid  a  aborteot  ray.  If  the 
body  rests  upon  the  plane,  at  the  oxtnmitj  of  one  <k  the  dot- 
mal  rays,  its  ceobe  of  gravity  ia  erideotlf  id  the  Ttvtieal  Him 
drawn  through  the  point  of  contact  and  the  body  ia  in  eqaQh 
brium.  But  if  it  rests  at  the  exteemity  of  an  oMiquo  ray,  tti 
centre  of  gravity  (B  not  supported,  since  it  ia  not  ia  tb«  ntial 
of  the  point  Of  contact,  and  the  body  fidls. 

If  the  normal  ray  at  the  point  of  oootact  ia  iMitfasr  longtat 
nor  shortaat,  but  simply  equal  to  the  ai^acent  ray^  the  equili- 
brium is  indifierent.  Such  is  the  case  yritb  a  sphere,  placed  on  » 
level  plane;  it  rests  in  nery  position,  for  Its  centre  of  gravity 
9S  csnnot  &11  lower  than  it  is.     But  this  p»>titiw. 

cannot  be  assumed  by  a  body  not  strictly 
spherical  For  example,  if  an  egg  rats  at  the 
eztremi^  of  a  Itmgest  ray,  i^  as  in  flg,  Bfi,  it 
will  be  in  unstable  equilibriun,  since  motioa 
to  dtber  side  tends  to  lower  the  centn  of 
gravity,  and  enable  it  to  fall ;  bat  if  jt  rMta  at 
the  extremity  of  a  shortest  ray,  a',  it  wiU  be 

"»  stable  equilibrium,  since  any  motioa  aide- 

ways  must  raite  the  centre  of  gravity,  and  it  will,  thcadbn^  ftll 
back  to  its  original  position. 

149.  Oentra  of  gravity  In  bodies  o<  voaqnal  daoal^  la  dlA- 
rent  parta. — If  the  density  of  a  body  is  unequal  in  diArent  paita, 
96  its  centre  of  gravity  win  be 

^  external  to  its  centre  of  mag- 

nitude,   and  the   body   mo 
come  to  rest  in  only  two  po- 
sitions, when  the  oende  tt 
I  gravity  is  at  the  hi^eat,  awi 
I  atthelowGst  place  in  the  TCT- 
1  tical  of  the  point  of  otmtart, 
a  cylinder  of  this  deacrip- 

rbat  i«  said  of  bodies  pUeed 

Where  It „ ,      _   ---^  _, _. 

tramityof  oostrf  the  normal  rays  1  Whali*  the  result  wbsn  it  raats 
"    extranity  of  aa  oblique  ray  t 
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tioD  wen  pbuwd  Upon  Ml  inclined  plane,  u  in  fi|t  M,  it  would  be 
in  equilibrium  when  its  centre  of  gravitjr  was  at  either  e  or  a  ; 
if  ml  <^  and  the  cylinder  were  moved  a  little  to  the  right,  the  cen- 
tre of  graTitj  would  fUl  through  the  arc  e  a,  but  ftt  the  same 
time  the  cylinder  itself  would  perforni  the  apparent  contradiction 
of  ascending  the  plane. 

150.  BqnlUfariiim  o<  bodiM  nipportMl  In  mora  than  OM  point. 
When  a  body  is  supportsd  by  two  points,  the  vertical,  from  itB 
centre  of  gravity,  ought  to  fall  on  the  middle  of  the  line  which 
connects  them.  If  a  body  has  four  points  of  support,  the  vertioJ 
should  fidl  upon  the  intersection  of  their  diagonals. 

In  DirriagM,  if  (he  vertical  falls  in  a  differeot  nunner,  the  load  Ii 
improperly  dlitributed,  and  the  carriage  will  be  liable  to  upset,  ia 
passing  over  an  ancven  road.   ■ 

A  body  resting  on  a  base  more  or  less  extended,  will  be  in 
equilibrium  only  when  the  vertical  from  tfaeeentroof  gravity  Uls 
wiUiin  the  ares  of  the  base ;  and  the  body  will  stand  firmer  in 
proportion  is  the  eenti«  of  gravity  lies  lower,  and  the  base  is 
broader.  A  pyramid  is,  therefore,  the  most  stable  of  all  struc- 
tures. 

The  liDgnlar  feats  esbibitsd  by  ehitdreii'i  toys,  an  J  by  rope-daDners , 
depend  en  the  faoility  with  which  the  centre  of  gravity  it  shifted, 
while  it  is  slways  supported  vertically  ibove  the  bas& 

Zatei  nf  Falling  Bodia. 

151.  Omcwilcy  a  aoHio*  of  nodoD^-If  a  body  at  a  distance 
from  the  earth's  sur&ce  is  not  supported,  it  &lls,  and  the  force  of 
gravity,  which  we  hare  already  seen  to  be  (he  cause  of  weight  or 
pressure,  now  manifteta  itself  in  producing  motion.  The  body 
is  said  to  fall ;  in  reality,  the  motion  is  common  to  both  the 
massea  concemod,  the  earth'  and  the  descending  bo<ly.  They 
move  towards  each  other  in  the  inverse  ratio  of  their  masses} 
but  since  the  mass  of  the  earth  is  inflnitoly  greatei;  than  the  mass 

U9.  Where  ii 

..fferent  pBiii  i>        ,  ._ 

Um  centre  of  gravity  fall  in  a  body  supportsd  in  two  points  t  Where 
in  a  body  supported  by  four  puntit  What  I*  said  of  earriaae*! 
What  of  a  pyramid  I  Wliat  of  rop»4aaewsl   IGl.  How  is  gravity  a 
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of  the  fklling  body,  the  distance  through  whic^  the  earth  mores 
is  less  in  the  same  ratio,  and  it  cannot  be  made  eTident  to  oar 
senses. 

Every  one  has  observed  the  different  velocities  with  whidi  dif- 
ferent bodies  &1L 

For  example :  a  gold  coin  falls  twiftly,  and  in  a  atraight  liao.  Vat 
a  piece  of  paper  detcends  in  a  winding  course,  and  with  a  slow,  bet- 
itating  motion.  The  popular  explanation  is,  that  the  coin  is  heaTj. 
and  the  paper  light ;  but  this  is  not  the  true  reaaon,  for  when  the 
gold  is  beaten  out  into  thin  leaves,  its  weight  ia  the  same,  bat  Um 
time  of  its  fall  is  very  much  prolonged. 

The  variation  is  independent  of  gravity.  Since  the  attraction 
of  the  earth  acts  equally,  and  independently  on  all  the  particles 
of  matter  of  which  a  body  is  composed,  it  can  be  of  no  conse- 
quence, as  far  as  this  attraction  is  concerned,  whether  a  body 
contains  many  particles  or  few  ;  each  particle  is  as  stron^y  at- 
tracted alone,  as  when  united  into  a  mass  with  others.  The  dif- 
ferences in  the  time  and  manner  of  fisdling,  are  caused  solely  by 
the  resistance  of  the  air ;  which  resistance  varies,  according  to 
the  shape  and  volume  of  the  body,  and  not  according  to  its  nuu», 
or  the  number  of  particles  contained  in  it  This  conclusion  is 
established  by  the  guinea  and  feather  experiment  We  take  a 
glass  tube,  fig.  97,  five  or  six  feet  long,  closed  at  one  end  and 
mounted  with  a  stop-cock  at  the  other,  and  having  placed  a  light 
and  heavy  body  inside  ;  a  guinea  and  a  feather,  or  a  bullet  and  i 
piece  of  paper ;  we  withdraw  all  the  air  from  the  tube,  by  means 
of  an  air-pump.  Now  let  the  tube  be  suddenly  inverted,  and  the 
guinea  and  the  feather  will  be  seen  to  fall  with  equal  rapidity, 
and  strike  the  bottom  together ;  but  turn  the  stop-cock,  and  ad- 
mit the  air,  and  the  one  will  descend  swiftly,  and  the  other  will 
be  retarded,  just  as  it  happens  when  they  fall  under  ordinary 
circumstances.  Thus  when  no  resistance  modifies  the  effects  of 
gravity,  it  attracts  all  bodies  with  the  same  energy,  and  gives 
them  the  same  velocity,  wliatcver  may  be  their  weight,  and  what- 
ever the  kind  of  matter  of  which  they  arc  composed  The  first 
law  of  falling  bodies  is, 

1st — In  a  tacuum^  all  bodies/all  ^rith  equal  Telocity, 


What  is  said  of  the  mutual  action  of  a  falling  body  and  the  earth  t 
Why  do  different  bodies  fall  with  different  degrees  of  velocity  t 
What  is  the  ffuio««  and  feather  experiment  7  What  is  the  first  law 
of  failing  bodies  f 
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Hi.  TalodtT  cf  UUng  bodiM^The  &U  of  a  body  i§  a 
Ibnoly  mcceleratod  motion,  because  tbe  earth's  attrac- 
tioD  acts  at  eveiy  momeat  in  the  same  manoer.  The 
bodj  gains  a  new  impulse  at  each  instant,  aod  these 
Impulsee  being  equal,  in  equal  times,  the  flnil  velo- 
citj  is  equal  to  their  sum,  and  proportional  to  the 
time  of  the  folL  That  ia,  tbe  velodty  of  a  &lling 
body,  at  the  end  of  the  2d  second,  is  twice,  and  at 
the  end  of  the  3d  second,  three  times  as  great  as  at 
the  end  of  the  Ut  second,  to.     We  hare,  therefore, 

24 — The  final  telocitiet  of  a  iody^/aUing  Jretl^f, 
iitereate  at  the  timet  iff  Jailing,  or  they  folloui  the 
order  qf  the  natural  numhert,  1,  2,  8,  Ac 

1S3.  Space*  dMCrlbed  by  Uliiv  bodlai.— The  Te- 
locity (rf*  a  body  when  it  begins  to  Ul,  is  nothing ; 
but  from  that  moment  it  regularly  increases.  Let 
us  represent  the  Tclodtr  acquired  at  the  end  of  the 
lit  second  by  v  ;  than  the  average  relodty  during 
the  same  time  will  be, 

!+•  _  1  . 


the  arithmetical  mean  between  a,  the  starting  Telocity, 
and  e,  the  final  velocity.  A  body  mo*ing  at  this  rata, 
will  traverse  the  eamo  space  in  one  second,  which  it 
would  have  bllen  in  one  second ;  let  this  spiace  —  g; 
then  the  space  being  equal  to  the  product  of  the  ve- 
toci^,  and  tbe  time^  )  e,  X  I  sec  :=  ;,  or  «  = 
Sir;  that  is,  the  final  velocity  acquired  by  a  body  fiUl- 
iDg  one  second,  ia  double  the  space  through  which  it 
has  Ulen.  It  has  been  ascertained  that  in  our  lati- 
tude, this  space  is  about  16^  feet  (16-0698  ftet,  see 
g  189) ;  and  «  =  82^  feet. 

In  the  2d  second,  the  body  starts  with  a  velocity  of 
•  =  S2|  feet,  and  acquires,  at  tbe  close,  the  velocity 
of  S«  s=  H^leet  The  spaoeUleo  during  tbe  same 
time  is  48}  feet;  vis;  88}  fM  by  the  velocity  ac- 
quired during  the  Ist  second,  aad  Ifl  ^  fbet  by  the  gradual  action 

16L  Vh;  ii  the  veloeity  of  a  falling  body  a  nniformly  aeeek 
rated  motioil  Whal  ii  th**eeoDd  law  of  &lling  bodieil  IH. 
Vkat  la  aaid  of  tbe  final  vdodtj**  of  a  body  fUUag  freely  t 
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of  grayity,  in  this  aeoond  only.  Or  u  bdbre.  tbmspmot  descfibed 
by  the  body  during  the  2d  second,  is  equal  to  the  space  It  wouU 
have  fallen  with  the  mean  Telocity  between  ha  initial  and  finl 
yelodties ;  i  e.  with  the  Telocity 


9  +  %9  ^  St  _. 


»^; 


thc  space,  therefore,  =  8  X  16^  =  48)  feet 

In  the  same  way  we  find  that  the  Telocity  acquired  at  the  end 
of  the  8d  second,  will  be  8  «  =  96(  feet ;  and  in  the  same  tiiif 
the  body  will  haye  &llen,  with  the  mean  Telocity, 

2        ""a 

through  a  space  of  5  ^  =:  5  X  16^  =s  80  ^  feet 

A  (ailing  body,  therefore,  descends,  in  the  2d  second  of  its  fiJl, 
throuf^h  three  times,  and  in  the  3d  second,  through  fiTe  times  the 
space  fallen  in  the  Ist  second.     We  haye,  then, 

3(L — The  spares /alien  through  in  equal  suceemive  timetiy  in- 
crease an  the  odd  numbers^  1,  8,  6,  7,  Ac 

154.  Whole  space  deacribed  by  a  felling  body. — WehaTesecn 
that  tlio  time  of  falling,  and  the  final  Telocity,  increase  in  the 
same  ratio ;  and  that  the  ayerage  yelocity  of  any  fell,  is  exactly 
half  the  final  velocity ;  hence,  any  increase  in  the  time  of  felling 
in  attended  by  a  corresponding  increase  of  the  ayerage  Telocity 
during  the  whole  fell.  But  ihe  whole  space  described  in  any  fell 
is  jointly  pro|>ortional  to  the  time,  and  the  aTerage  Telocity ;  iC 
therefore,  the  time  is  doubled,  the  body  fells  not  only  twice  as 
long,  but  also  twice  as  fast,  and  it  must  descend  through  four 
times  the  distance.  Again,  if  a  body  fells  three  times  as  long  as 
another,  it  also  falls  with  three  times  the  average  Telocity,  and 
desccndH,  altogther,  through  nine  times  the  distance.  The  times 
being  represented  by  the  order  of  the  natural  numbers,  1,  2,  8, 
Ac,  the  spaces  are  represented  by  their  squares,  1, 4,  9, 16,  ftc  A 
body  in  two  seconds  fells  through  four  times,  and  in  eight  seconds^ 
through  nine  times  the  space  it  descends  in  one  second.   Therefore, 

4th. — Ihe  whole  spaces  described  by  a  falling  body,  increase  ae 
the  squares  of  the  times  in  falling. 

How  may  the  velocities  with  which  a  body  fells  be  estimated  f 
What  it  the  velocity  in  the  let,  2d.  and  3d  seconds?  What  is  the 
third  law  of  falling  bodies  f  154.  What  is  said  of  the  whole  spaee 
'*   *  by  a  feUing  body  t 
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168.  BMidta<a**v«nfaTdocttrbiliiydaBU*afUwfinal 
valoolty. — We  hftve  seen  thftt  ft  body  &lling  for  uiy  tiioe,  ac- 
qnires  ft  final  velod^  which  is  double  the  avenge  Telocity  of  the 
UI ;  i(  therefore,  the  action  of  gjavitj  were  Bospeoded  at  the 
«nd  of  any  given  time,  and  the  bodj  continued  to  move  with  its 
acquired  velocitj,  it  would,  in  the  same  time,  tranrse  twice  the 
distance  it  had  already  &lleii.  For  instance,  the  space  fallen 
through  in  three  aecontb,  is  144|  feet,  and  the  final  velocity  is  96} 
bet;  nowabody&llinguniformly.for  three  secuids,  with  this  ve- 
locity, would  pass  through  a  space  of  8  X  90}  =  S8St  =  3x 
1441  feet 

Sth. — A  iodj/  Jailing  during  any  lima,  aegvirel  a  veloeit!/ 
wkiek,  tn  the  lame  time,  leottld  earry  it  OMr  lipiee  the  tpaee  of 
the  fint  fall 

166.  TiUa  aj^TMsliic  Um  !•«>  ot  UUnf  bodiM^-The  fol- 
lowing table  expresses  the  2d,  Sd,  and  4th  laws : — 

Tiines. 1,  »,  «,  4,    6,—  t 

The  final  velocities,  S,  4^  fl,  8,  10,— St 

The  space  for  each  time,              .  1,  S,  B,  7,    9, 

The  whole  spaces,  .       1,  4,  9,  16,  86, — If 

Let  I  ^  the  space,  t  ^  the  Ume,  v  ^  the  final  velocity, 
and  g  ^  the  space  Ulen  in  the  first  second,  then  from  the  fore- 
going laws  we  may  deduce  the  following  «qu«tioB«,  by  which 
practical  questions  are  readily  solved. 


(1)  •  =  2  y  (,  whence  (3)  (  =  j— 

(3)  ■  =  y  (•,  whence  (4)  (  »=  J  — 
By  «nb*titnting  in  (>)  tbe  value  of  ( (S) 

s*  »* 

And  rabrtiUting  (4}  in  (1.) 


<'J|=v^^ 


What  it  tbe  fourth  Uw  ot  fslllDK  bodiw  t  ISB.  What  ii  the  fifth 
law  of  falling  bodiM  t  Give  an  illuitrmtion.  lU.  What  are  the 
titsw of  falling  bodJM  I  Whit  the  SnalvetoaiUMt  What  the  ijHuia 
fcreaeh  timer  What  the  whole  (pao*iT  Explain  the  formola  given. 
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UHng  bodlM_It  is  erident  thit 
the  Urn  of  fidling  bodiea  cxnnat 
b«  Tnifled  by  direct  cxpenmcni, 
beotDH  Um  naalto  of  sucli  u  io- 
qiiiT7  would  be  diaturbsd  hj  tk 
rceutMice  of  tfa«  air,  uid  tbc  n- 
lodt7  of  the  &U  ia  too  great  10  b» 
followed  with  the  ejs.  But  tha« 
■n  KTcral  jndiivct  uetiiodB  by 
which  the  intcnaity  of  the  ftra 
of  gi'BTiLjp  maj  be  dinuniihed, 
witliant  changing  itanatare.  We 
can  eauM  a  &lling  bodj  todesctud 
ao  slowly,  that  the  resistance  of 
the  air  becomes  iinperceptiblB,  and 
all  the  circumstancea  of  the  fall 
may  be  observed  with  entire  preds- 
ion.  Galileo,  who  discovmd  and 
published  theae  lawH,  about  the 
year  I  BOO,  used  an  inclined  plane 
in  his  experiments.  The  apparatus 
now  generally  employed,  ia  called, 
trom  the  name  of  its  inTcntor,  At- 
wood's  nwchine.   Pig.  98. 

Ttii*  apparatiu  if  eompoaed  of  a 
veKical  colamn,  about  aeTsn  fact  in 
hoigbt,  aurniauatAd  by  a  friotioa 
puli«y  R,  upon  which  ii  luipepded 
■  line  litlc  ucrd,  carrying  equal 
trciglila.jratiilJf'.atiti  axtremi  tie*. 
A  Kale  of  feet  and  inchea  ia  placed 
jiarallal  to  tlia  path  of  odo  of  the 
vreiglita,  to  mcaiura  the  apacea 
througli  which  it  falli,  and  the  cor- 
reipnndiDg  limei  are  ihown  by  the 
»econda  pciidulam  /*.  To  iniur* 
thciiniiillanooiitiieHof  tlie  fall  iriih 

IA7.  n'hat  n  the  terifioation  of 
the  lawn  of  falling  buJieal  What 
did  Ualileo  UM  id  iiii  eiperitncatal 
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th*  bMt  of  tb*  p«B(lidiuii.  th*  Tsigfat  la  Ht  Id  notios  bj  the  larar 
D,  whioh  U  iUdf  morad  bj  ui  aaecatrie,  (repraHatad  »t  S,)  mt- 
Uchad  totba  ud*  of  the  woondi  hand. 

Ths  wsighta  Jf  and  JT  being  equal,  the  force  of  grarit;  hae  no 
efTeet  apoo  them,  and  they  remain  at  rest  in  any  poaitioo.  But  let 
one  of  them,  ai  If,  be  iocreaaed  by  a  anuU  additiooal  weight  n,  and 
the  sqaitlbrioa  will  be  immadiately  distarbsd.  The  gravity  of  n 
being  the  only  diiturbing  force,  tha  motion  produeed  ia  of  the  Bame 
kind  ai  the  motion  of  a  body  blling  freely,  but  the  rate  of  aeeele- 
ration,  and  the  ipaeo  fallen  through,  are  each  ai  innoh  leM  as  tha 
maaa  of  n  U  lesi  than  the  combined  maiaea  of  n  -|-  ilf. 

For  example:  let  ■  be  a  qnarter  of  an  oance,  and  the  weights  If 
and  3t,  be  each  94  ouncea,  or  eeqnarter  onacea.  The  whole  man 
to  be  moTed,  by  the  action  of  gravity  apon  n  only,  ia  19S  timea  tha 
weight  of  n,  and  therefore  tha  Telocity  imparted,  and  the  apaee 
lallen  through,  moat  be  IBS  tiniea  leaa  than  the  reloeity  and  epaea  of 
H  falling  freely. 

Nov  let  JT  and  n  attached  to  it.  be  allowed  to  fall  from  /,  the 
top  of  the  scale,  at  the  inomaot  the  etiak  of  the  peudnlnta  ia  heard. 
At  the  instant  of  the  next  beat,  the  weight  will  be  aeeo  to  have 
fsUen  exactly]  inoh;  daring  the  second  beat,  throBgh  8  Jnehea  more ; 
during  the  third  beat,  through  S  inches ;  daring  the  fiarth  beat, 
tbruugh  T  iiichae,  Ac,  according  to  the  3d  law  of  falliag  bodies. 

In  the  same  experiment  it  appears,  that  the  whole  apace  fallen 
through  at  tlie  end  of  tha  Isl  second,  is  one  inch ;  at  the  and  of  the 
second  second,  t  inches;  at  the  end  oftlie  third  second,  9  inches;  at 
the  end  of  the  fourth  second,  16  inches,  Ac.  aocorJing  to  the  4th  law. 

To  demonstrate  the  !d  and  6th  laws,  it  is  neeassary  to  arrest  tha 
■eeelerated  furceatagiren  momenL  This  is  aeeomplished  by  giving 
to  >>  the  form  of  a  slender  bar,  long  enough  to  be  caught  by  the  per- 
forated slide  B,  while  JT  continues  iCa  eoune,  with  a  uniform  velo- 
city, from  the  time  it  ceased  to  be  acted  on  by  the  gravity  of  is. 
The  veloeitf,  at  the  end  of  any  second,  is  determined  by  the  spaea 
iravereed  during  the  next  aeoond.  If  tha  ring  B,  is  Axed  at  the  dis> 
tance  of  ona  iniih  from  tha  top  of  the  scale,  k  will  be  detached  at 
the  end  of  Uie  first  second,  and  JT'  will  descend  uniformly  through 
two  iuolies,  during  sach  suceeeding  second.  If  the  ring  is  fixed  at 
the  fourth  diviiiuo,  tlis  hir  will  strike  at  tha  end  of  two  seaoads, 
anil  JT  will  paui  on  at  the  rate  of  four  iucheapsraeaoDd. 

Dcsfrilie  AtwooJ'a  raachine.  TTIiat  is  tha  result  when  the  weights 
JTaixl  JT  are  increased  I  What  diaUneee  will  JT  fall  when  a  weight 
MuatUuhC'lto  it,in  the  Istaaeondl  IntheSdl  latheBdt  Uow 
»re  the  id  and  flth  lawsdemonstratedt 


lOi 


OBATITAnOll. 


168.  Ai^UoalloB  of  Um IswB  off  ftOi^ bodtaL^The  bwiof 
fijling  bodies  applj  equ»lly  to  every  motioii  produced  bj  a  mu- 
form  force  or  pressure. 

Hie  descent  of  bodies  upon  inclined  planes  and  eurres^  the  rin^ 
of  a  cork  through  water,  the  alternate  morement  of  the  aroM  of  s 
balance,  &c»  are  motioni  prodoced  by  the  eonstant  attraction  of  tke 

earth,  and  they  all  obey  these  lawa 

In  every  such  motion,  the  Telocities  are  proportional  to  the 
times  elapsed  since  the  motion  began ;  the  final  velocitj  ia  twice 
the  average  velocity;  the  spaces  described  in  equal  auocessiTe 
times,  increase  as  the  odd  numbers ;  and  the  whole  spaces  in- 
crease as  the  squares  of  the  times  in  which  they  are  deacribed 
But  in  each  instance,  the  velocity  acquired,  and  the  apace  de- 
scribed in  a  given  time,  will  be  different ;  and  the  rate  of  acoelfr' 
ration  will  never  be  so  rapid  as  in  the  case  of  a  body  frUing 
freely,  because  in  no  other  instance  will  the  force  be  so  great  in 
proportion  to  the  quantity  of  matter  moved. 

A  6  lb.  weight  falls  no  faster  than  1  lb.,  because,  although  there  is 
5  times  as  much  matter  to  be  moved,  it  also  has  6  timea  aa  much 
force  to  move  it. 

159.  Descent  of  bodies  on  Inclined  planes. — When  a  body  is 
99  placed  upon  an  inclined  plane,  it 

descends,  as  just  explained,  with 
a  imiform  motion,  but  its  velocity 
is  less  than  that  of  a  body  fiUling 
freely.  The  weight  of  the  body, 
or  its  force  of  gravity,  represented 
by  the  line  e  g,  fig.  99,  is  resolved 
(§110,)  into  two  parts,  one  of  which 
is  perpendicular  to  the  plane,  and 
produces  pressure  only,  and  the 
other,  ep,  (or  fg,)  is  parallel  to  the 
plane,  and  is  the  cause  of  the  accelerated  motion.  The  triangia 
^/g^  and  a  5  r,  being  similar,  their  corresponding  sides  are  pro- 
portional, and  wc  have, 

/ g :  eg::  ac : a  b ; 


168.  To  what  do  tiie  laws  of  falling  bodies  apply  f  Give  ezam- 
plea  What  is  said  of  these  motions  f  15V.  What  is  said  of  tlie  ile- 
•cent  of  a  body  on  an  inclined  plane. 


t  second,  or,  fitllingfreelj. 
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that  [g,  the  nte  of  Mcclention  on  an  inclined  plane,  is  to  that 

of  a  body  Mlingfreelj,  as  the  height  of  the  plane  is  to  its  length. 

The  final  Telocity  depends  solely  on  the  — 

height  of  the  plane.     In  flg.   100,  let 

a  e,  the  hei^t  of  the  plane,  be  ^  of  its 

lengthafr;  then,  that  part  of  the  grar- * '" 

ity  of  the  body  which  produces  mo- 

ttoo,  is  (  of  the  whole  force  and  the  ^~ 

velocity  acquired,  and  the  space  trav- 

eraed  in  one  second,  by  the  action  of 

this  force,  would  be  }  of  the  velodtj 

•nd  space  of  a  body  fiJling  finely.    L^ 

the  line  a  /  represent  16^.'^  Ibet,  and 

take  a  d,  equal  to  )  of  a/;  then,  a  body  J 

starting  from  a,  would  arrive  at  t{  in 

H  would  reach /in  the  same  time. 

Draw  the  horizontal  line  e  d;  the  ntio  of  a  «  to  a  d  is  the 
aame  as  the  ratio  ot  a  e  to  ab ;  that  is,  a  e  is  equal  to  J-  of  ad; 
and  a  d  having  been  taken  equal  toiofa^aeia^ofa/. 
Since  the  spaces  increaae  as  the  squares  of  the  times,  the  body 
that  would  ftll  to/ in  one  second,  would  fidl  tot  in  )  of  a  second; 
and  (3d  law)  the  velocity  acquired  at  e  would  be  1-  of  the  velocity 
acquired  at/  But  we  have  already  seen,  that  die  velocity  ac- 
quired by  a  body  descending  to  tl,  is  t  of  the  velocity  acquired 
by  the  game  body  Uling  to/  in  the  same  time;  hence  the  ve- 
locity of  a  body  descending  the  inclined  plane  to  d,  is  equal  to 
that  of  a  body  blling  freely  to  «  ;  and  generally — 

The  velocity  acquired  at  any  given  point  im  an  inclined  plane, 
is  proportional  to  the  vertical  distance  of  that  point  below  the 
point  of  departure. 

From  thiit  it  also  fellows  that  the  averafe  velodtiea  are  the 
same  in  descending  all  planea  of  the  same  height ;  and,  there- 
fore, the  Umes  of  deecent  are  proportional  to  their  length*. 

1«0.  DMoant  of  bodies  In  ourraa.— If  a  body  ia  made  to  de- 
Mend  a  series  of  inclined  planes,  as  in  flg.  lOt,  on  arriving  at 
any  point  of  the  serien,  ila  veloci^  will  be  the  same  as  if  it  were 
bUing  freely  from  the  level  of  the  point  of  departure.     The  de- 

WIiatdoM%  iratilluetratet  Olva tliafonnulBmaDtioned.  What 
li  th*  rate  of  necfleration  on  an  iocKned  plana  I  Deeoriba  fig.  101. 
What  ii  the  velocity  acquired  at  any  given  point  on  an  inolioed 
plana  1     W'liat  rollowa  from  thial 
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scent  of  bodies  on  corres,  is  goyenied  by  the  sune  Imw;  Cor  we 


101 


may  consider  a  curve  as  con- 
posed  of  a  great  number  of  in- 
clined planes,  each  one  d 
which  is  so  snudl  as  not  to  M 
for  sensibly  from  the  lineof  ihe 
curve. 

On  arriving  at  the  botloM 
of  a  plane  or  curve,  a  body 
will  hare  acquired,  (5th  law,) 
a  velocity,  such  as  would  cvf7 
'it,  in  the  same  time,  over  a  dv- 
tance  equal  to  twice  the  length  of  the  descent,  or  cause  it  to  ascend 
another  similar  curve.  The  ascent  of  the  body  being  opposed 
by  the  constant  force  of  gravity,  will  be  retarded  at  a  rate  which 
exactly  corresponds  with  its  previous  acceleration.    On  the  doable 

102  curve  ^  B  (7,  fig.  lOS,  the 

body  ^ill  hare  equal  velo- 
cities at  any  two  points  at 
the  same  level ;  and  the  ve- 
locity being  nothing  when 
the  body  has  arrived  at  f, 
it  will  descend  again  and 
mount  to  A^  the  point  from 
which  it  first  started.  This  alternate  movement  being  caused  by 
the  constant  force  of  gravity,  would  continue  forever,  and  fur- 
nish an  instance  of  perpetual  motion,  were  it  not  for  the  resist- 
ance of  the  air  and  friction,  by  which  the  body  is  gradually 
brought  to  rest  at  B, 

The  pendulum  is  an  example  of  a  body  alternately  ascending  aad 
descending  a  very  small  circular  curve. 

The  Pendulum, 

161.  The  pendnlum. — Any  heavy  body  freely  suspended  at 
the  extremity  of  a  flexible  wire,  or  thread,  is  called  a  pendulum. 
When  at  rest,  the  pendulum  shows  the  exact  vertical  or  direction 
of  gravity,  and  it  is  then  c^alled  a  plumb-line.     If  moved  from  the 


160.  What  does  fig.  102  illustrate?  Wlint  veI<KMty  will  a  body 
acquire  on  arriving  At  the  bottom  of  a  curve  I  Describe  ^g,  los^ 
By  what  is  this  alternate  movement  caused  t 
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fMrpndlcular  into  loy  other  position,  and  then  left  ftaa  to  fiUl, 
the  pendulum  iwiDgB  in  ft  vertical  pluio,  riaiag  on  one  eida  d 
the  perpendicuUr  to  ft  height  equal  to  that  from  which  it  had 
fidlen  on  the  other.  The  CBuae  of  this  alternftte  moTemcnt  ia 
gnvitjr.    In  tha  poaitioQ  0  M,  flg.  108,  108 

the  pendulum  ia  in  equiUbrium,  becauae 
ita  weight  is  Terticftlly  beneath  the  point 
of  auspemiion.  But  in  the  positton  Cm^ 
the  weight  iadecompoaedinto  two  fbrcea, 
of  which  one,  m  B,  acting  in  the  direc- 
tion of  the  Nuspending  thread,  ia  dcatrojed 
\tj  the  reaiatance  of  the  point  of  auapen- 
aion  \  while  the  other,  m  D,  aolicita  the 
pendulum  to  return  to  the  vertical  posi- 
tion ftt  31,  The  pendulum  dow  not  rest  ' 
at  thia  point,  although  the  accelerating 
faK»  of  gravitj  repreaeoted  \>y  m  />,  ia 
then  diminished  to  nothing,  but  the  velo- 
tiXj  acquired  in  descvuding  the  arc  m  Jf,  ia  sufficient  to  carry  it 
through  an  equal  ascending  arc  M  a.  Thia  moTement  ia  pre- 
ciacly  similar  to  that  of  a  baB  rolling  on  a  double  curve,  and  if 
made  <mc«,  it  would  be  repeated  Ibrcver  by  the  action  of  the  con- 
stant force  of  gravity,  were  it  not  for  the  resistance  of  th^.air 
and  friction  at  the  point  of  auspension.  )^ 

The  angle  «  CM,  or M C i^  iB cailtd  tht aagU qf  slongall^ ; 
it  ia  the  deviation  of  the  pendulum  Irom  the  perpendicular. 

The  movement  fr<»n  m  to  n,  or  from  n  to  m,  is  called  an  o*eil- 
l^tion  ar  eiirtttion  ;  from  either  of  theae  poiptfl  to  the  vertica] 
line,  or  the  reverae,  ia  a  half-oscillation  or  haliipibratioQ. 

The  arc  n  nt,  divided  into  dogroea,  tc,  meaauiea  the  amplitude 
of  each  oadUation. 

The  time  occupied  by  the  pendulum  in  deacribUig  thia  arc,  ia 
the  time  or  duration  of  an  oscillation. 

A  distinction  is  made  between  the  simide  or  mathematical 
pendulum,  and  the  compound  or  physical  one.  The  former  oon- 
aiata  of  a  single  molecule  of  matter,  auapended  at  the  extremity 
of  a  line  which  U  inextonsible,  and  without  weight     Such  an 


ISl.  What  i*  i 


Knduluml     Wliat  poiition  doe*  it  take  when  at 
cauig  of  thu  movamciiU  of  a   peadulom  I      11- 


luwrata  this  by  the  figure.  Wlmt  in  th«  angle  of  alongation  r  What 
it  aa  UMUImtion  T  What  it  the  Cims  of  o«^llatiual  Wlir-  "  "- 
matharaaiioal  pandulamf  What  i>  the  phyiioal  paodulum 
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instniment  is  purely  ideal,  and  is  eonceiTed  of  only  m  a  eoofiD- 

ient  means  of  inTestigating  the  laws  of  the  real  pendnhnn.    Hw 

physical  pendulum  is  constructed  in  a  great  Tarietj  of  waya 

That  form  of  it  which  resembles  the  afannle  pendulum  moit 

nearly,  and  which  is  used  in  ordinary  experimental  is  oonpoaed 

of  a  small  metallic  ball,  (lead  or  pbitlnmn  is  best,)  auspendsd  il 

the  end  of  a  very  fine  wire  or  thread. 

162.  Zawb  of  the  aanillatifwis  of  tha  p^-^lmn ^The  more- 

ment  of  the  pendulum  is  subfect  to  the  Ibllowing  laws : — 

Ist — 0$cillation$  qf  tmall  amplitmde  orv  made  in  tfwd 
times, 

2d. — The  time  qf  oeeiUation  u  the  joiim,  uhaiener  may  k  tii 
weight  or  magnitudf  qfthe  balL 

8d. — In  pendulufM  of  unequal  lengthi^  the  timee  of  eeeUith 
tion  are  proportional  to  the  equate  roote  ^  their  lemgthe, 

168.  Demonstration  of  the  laiwa  of  the  oaenialiott  of  th# 
doluuL — In  verifying  the  first  law,  usually  called  the  law  of  k 
chrOnism,  the  angle  of  elongation  (n  C  M^  fig.  108,)  must  doC 
exceed  A?  or  5^.  Within  this  limits  the  time  of  oecilUtion  wiB 
be  the  same,  whether  the  angle  is  6^,  or  8^,  or  1^,  or  ao  sdmII 
that  the  eye  cannot  distinguish  it  without  the  aid  of  a  lens.  The 
pendulum  requires  as  much  time  to  describe  an  arc  of  JL  of  a 
degree,  as  one  of  10^.  The  reason  of  this  remarkable  fact  is  evi- 
dent in  fig.  103.  That  part  of  the  force  of  gravity  which  pn^ 
duces  motion,  increases  in  the  same  ratio  as  the  angle  of  elonga- 
tion ;  and  the  greater  length  of  the  arc  is  exactly  eompenaated 
by  the  g;reater  velocity  with  which  the  pendulum  describes  it 

The  2d  law  is  easily  demonstrated  by  suspending  balls  of  lead, 
iron,  glass,  ivory,  &c.,  with  threads  of  the  same  lengths,  and 
causing  them  to  oscillate.  In  any  one  experiment,  the  balls 
should  be  of  the  same  form  and  diameter,  in  order  that  they  may 
encounter  an  equal  resistance  of  the  air ;  in  a  vacuum  such  a 
precaution  is  unnecessary. 

Newton,  and  more  recently  Bessel,  greatly  extended  the  limits 
of  this  experiment  by  using  a  pendulum  having  a  hollow  ball, 
which  was  filled,  successively,  with  various  substances ;  wool, 
feathers,  liquids,  kc. ;  that  could  not  be  otherwise  submitted  to 
trial.     This  experiment  affords  the  ma>«t  precise  and  unmistaka- 


162.  What  are  the  laws  of  i\\e  oAcillation  of  the  pendulomt  168. 
How  it  the  Ut  law  dainoiistrateil?  llow  the  2df  How  bav«  the 
limits  of  this  experinieut  been  extended  I 
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iibte  proof  that  gndty  uts  on  alt  bodies  in  the  same  manner. 
In  the  guinea  and  feather  experiment,  the  proof  of  this  principle 
b  comparatirely  rude  and  ImperfeoL  In  that  instance,  the  action 
of  graTit;  can  be  leen  only  during  the  firaction  of  a  second ;  but 
In  Uie  OBcillations  of  the  pendulum,  it  may  be  obaerred  for  suc- 
eeasiTc  hours,  and  with  the  greatest  accuracy. 

The  demonstration  of  the  Sd  law  is  made  bj  com-  104 
paring  pendulums  of  different  lengths.  If  thee 
lengths  are  in  the  ratio  of  1,  4,  9,  then  the  times 
of  oscillation  will  be  as  1,  S,  8,  respectivelj.  Let 
three  Ruch  pendulums,  arranged  as  In  flg.  104, 
commence  to  oncillate  at  the  same  time  ;  it  will  be 
found,  that  theone-foot  pendulum  makes  two  oacilla- 
tions  for  each  oscillation  of  the  four-foot  pendulum, 
and  three  osdUations  for  each  one  made  by  the  nine, 
loot  pendulum.  The  time  of  oscillation,  and  the 
length  of  the  pendulum  being  Imown,  we  may  deter- 
mine by  this  law,  lat,  the  length  of  a  pendulum  which 
would  ogcillato  in  any  proposed  time ;  and  Sdly, 
the  time  of  oscillation  of  a  pendulum  of  any  pro- 
posed length.  For  the  times  of  oscillation  are  as 
the  square  roots  of  the  lengths,  or,  what  is  the  same 
thing,  the  lengths  are  as  the  squarM  of  the  times. 

1S4.  Phyaioal  JfOMtraHon  of  tit*  ntation  of  tlw  anth  Itf 
aaaaa  of  tha  pandnlnm. — Foucault'a  &mous  pendulum  ezperi- 
ment  (1851)  deaerrw  attention,  as  it  was  the  first  phyaiotl  de- 
monstration that  had  been  made,  of  the  rotation  of  the  eartfa 
Upon  its  axis.  The  experiment  cooststs  in  suspending  a  heary 
bait  to  a  long  and  flexible  wire,  and  allowing  the  whole  to  vi- 
brate freely,  in  the  manner  of  a  pendulum.  Under  theso  circum- 
stances it  will  )>•  found,  that  the  plane  of  ribration  gradually 
changes  its  position,  turning  slowly  from  east  to  west,  or  with 
the  motion  of  the  hands  of  a  watch. 

The  connection  between  the  motion  of  the  peiidalum  plane 

IIow  ii  thr  (]«raoaitration  of  the  iA  law  made  f  Daaoribe  fig.  104. 
The  line  of  oMillstioii  and  tha  length  of  pandnlant  being  knows, 
what  nay  we  datarmiaa  by  tUa  law  ?  Ml.  What  ia  aaitfof  Foa- 
eaiilt'a  aipariraant  I 
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andtlieearth^sToUiioiiiiiiaybeMsQjuiidantood.  A  pendohim 
set  in  motion,  will  continue  in  tho  same  plane  of  Tibntioii,  hov- 
ever  the  point  of  suspension  may  be  rotated.  This  may  be  proved 
by  holding  in  the  fingers  a  pendulum,  made  of  a  simple  ball  and 
stringy  and  causing  it  to  vibrate.  Upon  twirling  the  Btring  b^ 
tween  the  fingers,  the  ball  will  rotate  on  its  axis,  without,  her- 
ever,  a£focting  at  all  the  direction  of  ita  Tibnttiona.  The  meoB 
for  this  is  obvious ;  the  swinging  pendulum,  when  about  to  re- 
turn, (after  an  outward  osdUation,)  from  its  point  of  rest,  ii 
made  to  move  from  that  point  by  gravity  alone,  and  can,  tboe- 
fore,  &11  in  but  one  direction. 

If  a  pendulum  were  oscillating  at  either  of  the  poles  of  the  eaitli, 
the  plane  of  revolution,  as  it  would  not  change  with  the  revoln- 
tion  of  the  earth,  would  mark  this  revolution,  by  seeming  to  re- 
volve in  a  contrary  direction,  and  in  24  hours  it  would  make  ap- 
parently tlie  whole  circuit  of  860  degrees.  But,  at  the  equator, 
the  plane  of  vibration  is  carried  forward  by  the  rerolutioa  of  the 
earth,  and  so  undergoes  no  change  with  reference  to  the  merid- 
ians. Between  the  equator  and  tlie  poles,  the  time  required  for 
the  pendulum  to  make  360^,  varies  according  to  the  latitude,  be- 
ing greater  the  further  from  the  poles. 

The  observed  rate  of  motion  of  the  plane  of  vibration,  nearly 
coincides  with  that  indicated  by  calculation.  Thus,  at  New 
Haven,  (N.  lut.  41°,  18^',)  the  calculated  motion,  per  hour,  was 
9*928°,  the  obser\'ed  motion  was  9*97°. 

The  greatest  length  of  the  pendulum  wire  hitherto  employed, 
was  that  of  22(»  feet,  in  the  Pantheon,  at  Paris.  At  Bunker  Hill 
Monument,  it  was  210  feet  long;  at  New  Haven,  71  feet  The 
weight  of  the  ball  employed,  (uRimlly  of  lead,)  has  varied  from 
2  to  90  pounds.  The  longer  tlie  wire,  and  the  heavier  the  ball 
of  the  pendulum,  the  greater  will  be  the  probability  of  accurate  re- 
sults, for  when  the  mass  of  the  bo<ly  is  great,  and  its  motion 
slow,  the  resistance  of  the  air  will  have  but  comparatively  little 
effect  on  the  direction  of  the  vibration. 

165.  Centre  of  oscillation. — In  the  physical  pendulum,  the 


What  does  it  consint  of?  What  do«9  the  twisting  string  and  ball 
illustrate  ?  Why  iltfes  not  the  swiiitstng  pendulum  alter  its  direction 
when  its  point  of  supnort  is  rotated  f  What  is  said  of  a  pendulum 
swinging  at  the  poles  I  What  of  one  nt  the  equator  f  What  is  the 
observed  rate  of  motion  I  In  the  vx|>ci'im«.'nis  mentioned,  what 
have  been  the  length  of  |>endulumt«  an. I  the  Wrights  of  the  loaotea 
suspended  f     What  increases  the  probability  of  aouurate  reeulta  ? 


OtNTRI  or  OSCILLATIOS.  Ill 

rod  ht>  wei^t  u  veil  u  Um  b«U ;  aadftUthbinilarial  pointa  of 

both  rod  uid  Ml,  tre  plmcod  at  diffefwnt  distanceH  from  the  point 

of  Hiupenaion.     Let  ub  ezsmiDe  the  OBcilU-  105 

tions  of  Mi;  two  ctf  theoo  nutoiAl  points,  m 

kod  H,  fig.  lOS.    If  they  were  auflpeuded  b; 

separate  threads,  them,  according  to  the  8d 

law,  <•)  would  osdllate  more  rapidlj  tbaa  n ,' 

but  if  thej  are  su^Moded  by  Uie  saine  inflex- 

iUe  wiT«,   tbey   must   moTo   together,    and 

make   thair   osdllatious  in    the  same   time. 

The  first   accelerates   the   sectmd,  attd  the 

ascond  retards  the  first,  bo  that  their  i 

men  felodty  is   intermediate  between  the 

velocity  of  either  of  them,  oscillating  alone. 

Such  a  compensation  lakes  place  in  every  n 

ctUating   body,  and   between   the   particles  "^ 

which  are  nearer  and  those  more   remote 

from  the  point  of  suspension,  there  is  always  a  point  so  eituatsd, 

that  it  is  neither  accelerated  nor  retarded,  but  oecillates  exactly 

as  if  it  were  suspended  alone,  at  the  end  of  a  thread,  without 

weight.    This  remarkable  point  is  called  the  centre  ^  o»eillation  ; 

audita  distance  from  the  point  of  suspension  is  the  length  of  the 

pendulum.     This  is  equal  to  the  length  of  a  simple  pendulum 

which  would  oscillate  in  the  same  time  as  the  physical  pendulum. 

The  position  of  the  centre  of  oscillatitHi  depends  upon  the 
form,  magnitude,  and  density  of  the  several  parts  of  the  poidu- 
lum,  and  the  position  of  its  axis.  If  the  rod  of  the  pendulum  is 
thick  in  proportion  to  the  ball,  its  centre  of  oscillation  will  be 
higher  than  in  a  contrary  arrangement  It  is  always  below  the 
centre  of  gravity,  although  whatever  raises  w  lowers  the  centre 
of  grsvHy,  will  change  the  centre  of  oscillation  in  the  same  di- 
rectkm.  Whatever  may  be  the  positions  of  the  point  of  suspen- 
jrion,  and  the  centre  of  oscilla^on,  tiitj  are  always  interchange- 
able ;  i.  e.,  if  the  pendulum  ts  suspended  by  its  centre  of  oscil- 
lation, these  two  points  exchange  their  flinctions,  and  the  oscil- 
ktions  are  made  in  the  same  time  aa  before.  It  is  by  an  experi- 
ment of  this  kind,  that  the  centre  of  oscillation,  and  consequently 
the  length  of  a  pendulum,  is  determined. 

16S.  Ap^loaUons  of  the  fmdxdma. — The  laws  of  the  oscilla- 

ISO.  What  it  uiil  of  the  pliyMoai  pendulum!  I>rHriba  fiu.  lUO. 
Vbat  Doint  is  eallad  llie  ceatre  of  OMilUtion  I  What  it  iU  diiUni . 
from  tile  point  oritupenuoiil  UpoD  what  does  it*  poaitiaii  depend  I 
Whal  i*  ill  n>lBiii>n  to  the  eentre  of  gravity  1 
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tions  of  the  pendulum  already  espkined,  woidd  still  be  trac. 
whether  the  force  of  gravity  were  greater  or  less^  but  the  ahso- 
lute  time  of  an  oscillation  would  not  remain  uncfaAnged.  If  the 
intensity  of  gravity  should  be  increased  or  diminished,  the  pm- 
dulum,  like  any  other  fidling  body,  would  more  mt  a  quicker  or 
slower  rate  accordUngly.  Henoe  this  instrument  beeomce  tiw 
measure  of  the  earth*8  attraction  at  diflerent  points  on  its  nn^ 
&ce ;  and  because  the  intensity  is  inren^y  as  tiie  distance  fron 
the  earth's  centre,  when  the  length  of  the  radius  at  any  phee 
has  been  determined  by  measuring  an  arc  of  a  meridian,  tiie 
length  of  the  radius  at  any  other  place  may  be  found  by  oomitiBK 
the  oscillations  of  a  pendulum.  The  length  of  a  pendulum  which 
vibratos  seconds  at  New  York,  i.  «.,  which  nmkes  one  vibratioB 
in  each  second,  is  89*10153  inches;  if  carried  towards  the  equator, 
the  same  instrument  would  oscillate  more  slowly ;  if  tramqMfted 
to  a  station  north  of  New  York,  its  oscillations  would  be  made  is 
a  Rcnsibly  shorter  time.  Observations  of  this  kind,  therefete, 
furnish  one  method  of  determining  the  true  figure  of  the  earth. 
1 67.  Measure  of  time* — ^But  the  most  important  and  nnivenai 
use  of  the  pendulum,  is  to  measure  time.  This  application  de- 
pends upon  its  first  law  of  motion ;  the  law  of  isochronism.  This 
property  of  the  pendulum  was  the  earliest  physical  disooveiy  of 
the  illustrious  Galileo,  made  when  he  was  a  youth  of  seventeen, 
from  having  olxservod  the  swinging  of  a  lamp  in  the  cathedral  of 
IMso,  while  he  was  a  choir  boy.  It  was  not,  however,  until  1067, 
that  lluyghens,  a  Dutch  philosopher,  first  attached  the  pendultm 
to  a  train  of  wheel-work,  as  seen  in  the  ordinary  dock. 

Projectiles^  and  Central  Moti9^ 

« 

1A8.  Prqjectiles. — Whenever  a  body  is  throan  into  the  air,  it 
is  Hubjuct  to  the  action  of  two  forces ;  the  projectile  force  whidi 
is  momentary,  and  tlic  constant  force  of  gravity.  The  motion  of 
a  projectile  is,  therefore,  a  compound  one,  and  its  path  will  vary 
a(*conling  to  the  relation  of  the  two  forces. 

1G9.  Prqjection  of  a  body  Textically  downwards. — When  a 
body  IK  pn)jecte<l  vertically  downwards,  its  path  is  the  same  as 


104.  >Vhat  if  said  of  th«  law«  of  th«  OM'illatione  of  the  |>endiilum  f 
What  is  th«  leiif^lli  of  a  ptfiiduluiii  vibrating  mcoihI^  at  New  York  f 
107.  H'lint  is  tiie  iiKwt  uiii%*<*nal  um  of  the  peiiduluni  I  Who  diacov 
ered  ita  first  law  of  motion  I  What  id  Haid  of  lliiy^heiittt  ISA.  What 
i«  aaid  of  projectiles  f  10!).  Whut  ijh  the  path  of  a  b<*dy  projected 
vitrtieallv  dowaward  t 
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ttut  of  k  body  Uling  fredy,  but  the  space  tnreraed  is  equal  to 
the  Bum  of  the  effects  pf  the  two  forces. 

170.  PrqjBotlan  of  «  body  TarUoaUT  npwartU^If  a  body  ig 
thrown  Tertically  upwards,  its  motioD  will  be  UDifbnuIy  retarded. 
It  ia  evident  that  the  projectile  force  cannot  iaterftre  with  the 
action  of  graTity,  which  diminiahes  the  velocity  of  ascent,  st  the 
■June  rate  as  it  accelerated  the  velocity  of  the  descent  in  the  last 
case.    The  laws  of  Uling  bodies  apply  here  in  the  inverse  order. 

Thoa,  if  a  body  ia  prvjeeted  npwardi  with  a  velocity  of  100  feet  a 
•eeond,  in  3  lecoodi  it  would  bave  nieo  by  tha  projectile  force  alone, 
■  X  100  —  SDO  feet ;  but  in  the  Mme  tine  it  mmi  hare  fallen,  by 
the  action  of  gravity,  (flh  law,)  9  X  ISA  *~  ^**i  ''*^'  ■  lienee,  tha 
[daee  of  the  body  at  the  eodof  three  aeeoada,  ia  loei  fact  above  the 
point  ft'om  which  it  ataited. 

As  aoon  as  the  projectile  force  is  expended,  the  body  com- 
mences to  descend,  and  passing  every  point  on  its  downward 
path,  at  the  same  rate  as  in  its  upward  flight,  it  acquires,  at  the 
end  of  its  foil,  a  velocity  equal  to  that  with  which  it  was  pro- 

171.  nt^aoUan  of  a  body  la  any 
oaHy  upwards  or  dowmrarda. — 
If  a  body  ia  projocted  in  any  otliiT 
lUrection  than  vertically  upwar<is 
or  dowmrards,  its  path  will  he 
determined  by  the  paraUelognini 
of  forcua.  Thus,  if  a  cann(»i-ball 
is  shot  in  the  direction  a  A,  (f1|:. 
lOG,)  with  a  velocity  which  u-uuld 
carry  it  through  the  space  aim 
one  second,  thenit  wouldcontiiiuu 
in  this  line,  passing  through  uiinn 
spaces  in  equal  times.  If  it  wu 
acted  upon  by  gravity  alone,  i 
would  move  in  the  vertical  «  i, 
through  the  spaces  /  If  lit,  tsL  ' 
in  corresponding  sections.  But 
meanwhile,  it  Im  subject  to  the 
action  of  gravity,  and,  like  any 
other  body,  must  foil  through  Ibe 

1?».  What  ia  said  of  a  body  projsetad  vertically  npwarda  t  Give 
the  illnatratioB.  What  velocity  docs  the  body  acquire  at  the  end  of 
Ibe  fall  I 
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yertical  space  of  16^  feet,  during  the  1st  second ;  at  the  end  of 
that  time,  therefore,  it  will  he  found  at  «,  instead  of  at  /.  In 
the  same  manner,  at  the  end  of  the  2d  and  3d  seconds,  it  will  be 
at  /  and  (/,  instead  of  //  and  /// ;  and  at  the  end  of  four  !^^ 
conds  the  hody  will  arrive  at  A,  the  result  being  exactly  the  same 
as  if  it  had  heen  first  carried  hy  the  projectile  force  in  the  line  4  & 
during  four  seconds,  and  then  allowed  to  fall  during  four  seconds  by 
the  action  of  gravity.  Since  theacUon  of  the  projectile  force  isonly 
momentary,  while  the  effect  of  gravity  is  constantly  increasiae. 
the  hody  will  not  describe  the  diagonals  of  the  parallelograms 
a  «,  a  /,  &€.,  but  a  curve,  which  in  mathematics  is  called  i  pi- 
rabola,  indicated  by  the  dotted  line  connecting  ft^fg  and  A. 

By  a  similar  construction,  we  find  the  path  of  a  body  pn>- 
jccted  horizontally,  or  obliquely  downwards,  in  which  ca^es  the 
projectile  will  describe  one-half  of  a  parabola.  In  ^y^ry  case  the 
path  of  the  projectile  is  a  complete  or  partial  parabola,  whose 
axis  is  in  the  direction  of  gravity ;  and  its  vertical  distance  be- 
low the  line  of  projection  at  any  given  moment,  is  always  etpial 
to  the  space  it  would  have  fallen  freely  during  the  time  since  it 
was  projected, 

1 72.  When  the  direction  of  the  projectile  is  inclined  npwaidi, 
we  may  resolve  its  iiiitiul  velocity  into  two :  a  constant  velocitv 
in  a  horizonUil  direction,  not  affected  by  gravity,  and  anothtrr 
oonij)onent,  which  causes  the  body  to  describe  tlic  ascemling 
half  of  a  parabola,  until  destroyed  by  the  action  of  gravity, 
whereupon  the  descending  half  is  described  with  the  inverse  ve- 
locity of  the  ascent  Tlierefore,  the  greatest  height  attained  by 
the  pr()je<'tile,  is  er|ual  to  the  space  which  it  must  fall,  to  acquire 
its  initial  vertical  velocity,  /.  «.,  the  second  component. 

1 73.  Time  of  flight  of  a  prqjectile. — Hence,  the  time  of  flight 
of  a  projectile  must  he  the  very  same  as  if  the  body  had  been 
shot  vertically  ii))war(ls,  to  the  greatest  height  reached  by  it; 
/.  f.,  equal  to  twice  the  time  of  acquiring  the  initial  vertical  velo- 
city by  the  action  of  gravity. 

174.  Angle  of  elevation. — The  distance  from  the  point  of  pro- 
jection to  the  point  where  the  body  reaches  again  the  same  IcveL. 
is  called  the  horiztmtal  range.      With  tlie  same  velocity  of  pK>- 

171.  If  n  body  i»»  pi*ojoi't*?d  in  any  otluT  «1ireoti«>n  than  vt*rtic«lly 
upwards  or  downwards  how  is  its  path  lictfrruiiietl  \  (iive  the  illut- 
tration.  Of  what  form  is  the  nmli  of  a  projooiilo }  172.  What  it 
said  of  a  iirojeotilc  when  itH  (iireotion  is  inclined  upwards  \  173. 
What  is  the  time  of  fligiil  of  a  j>rojc'ctile9  174.  What  is  the  hori- 
zontal range! 


joction,  the  Tange  !■  gnmiett  when  tha  angle  of  davadon  la  40° ; 
and  (e»  any  eleTatim  oquallf  above  <»  below  4fi°,  as  40°  or  CO", 
ftc,  the  horiiontal  raage  will  be  equallj  diminished. 
The  effects  of  the  reaiatuice  of  the  air  will  be  mentioned 


116.  0«itral  fwoaa. — The  (brcea  whidi  unite  in  producing 
motion  around  a' centra  ara  of  two  kinds;  tha  t*ntrifugal,  or 
cantra-flTing  Ibrce,  by  which  the  "body  tanda  constantly  to  recede 
from  the  centre ;  and  the  ^entrtfuf^l,  which  ia  directly  opposed 
to  the  first,  and  conatantly  attracts  the  body  towards  the  centre. 

A  aling  whirled  rapidly  aroiind  tha  hand,  is  a  familiar  illuitration 
of  central  hrcm.  The  effort  of  the  atoas  to  fly  off.  or  the  ceatriru- 
gal  force,  prodiUM  a  conilant  tertaion  of  the  itring,  which  iocreuei 
with  the  ipasd  of  reroliUioft  "The  reaet[on  of  the  hand,  communi- 
cated  Uiroagh  tha  string,  eonflaea  the  stone  in  a  circular  path,  and 
■nay  be  regarded  aa  a  centripetal  force.  When  the  string  ia  let  go, 
the  centrifugal  forca  ia  not  countenietad,  and  the  stone  fliea  off  in  a 
atraight  line,  tangent  to  the  circle,  in  eonaeqacDce  of  the  general 
principle  of  the  inertia  of  matter. 

When  theae  two  fivcea  are  everywhere  equal  to  each  other, 
the  body  will  move  with  unifono  velocity  ia  a  circle ;  but  if  they 
are  differently  related,  the  body  will  de-  107 

scribe  some  other  curve,  with  a  variable 
velocity. 

178.  Aaalyila  of  tha  motion  prodnoad  ' 
bjr  oeDtral  feroaa.— That  the  path  of  the 
body  muat  be  curvilinear,  will  be  evident 
from  the  following  analyaia.     Let  a  body 
placed  at  a,   flg.  107,  receive  an  impulse 
which  would  carry  it,  in  one  second,  through  c 
ibe  lino  a  d,  while  at  the  aame  time  it  is  at- 
tracted towards  e,  by  a  force  aufflcient  to  bare 
diswn  it  in  one  second  from  atob;  then, 
aeeotding  to  the  law  of  the  parallelogram 
of  fbrcM,  it  will  move  through  the  diagonal 
at.  In  consequence  of  ita  inertia,  the  body  c 
on  arriving  at  «,  will  t«nd  to  continue  its 


What  will  ha  tha  path  deacrihad  bv  a  body  when  thaaa  foreea  acting 
upon  it  ara  equal  1  What  when  tnay  are  uneqaall  176.  tUiowby 
analyai*  that  the  path  of  tha  body  roiut  ba  enrTilinear. 


115 

oonrse  in  tbe  stimight  line  «//  but  the  centripetal  ftrae  stdidf 
it  to  A,  and  therefore  it  again  deecribee  a  diagoiial,  0  g,  'Sow  the 
attractive  force  at  e^  instead  of  acting  at  intflsrala,  as  we  hift 
supposed,  is  constant,  and  consequently  the  body  will  describe  a 
curve ;  and  since  e  d^  which  is  the  (Ustance  the  body  woald  hnt 
receded  in  one  second,  is  equal  to  a  &,  the  two  Ibrocs  aie  equal  to 
each  other,  and  the  curve  ia  a  circlei 

If  we  assume  the  arc  a,  «,  to  be  very  small,  it  wfll  not  MBsSiif 
differ  from  a  strai^t  line,  and  because  the  trian^ea  a  «  ft  isd 
aeo^  are  sunUar,  we  have, 


«ft:a#::e#:«o 
Hence 

«#e 

That  is,  the  ccntriiiigal  and  centripetal  forces  of  a  body  describing 
a  circle  with  uniform  velocity,  are  directly  proportional  to  the 
square  of  the  velocity,  and  inversely  as  the  diameter,  (or  radiui,) 
of  the  circle. 

The  relation  of  the  forces  may  be  expressed  differently.  The 
arc  a  e  being  the  space  described  in  one  second,  is  the  velocity  of 
the  body ;  but  in  curvilinear,  just  as  in  rectilinear  movenwnt, 
the  velocity  is  equal  to  the  space  divided  by  the  time,  i,  «.,  equal 
to  the  circumference  of  the  circle,  dirided  by  the  time  of  revo- 
lution.   Hence, 

and  substituting  thisvalueof  a  «in  the  previous  equation,  webavt; 

,  2  »  »t 

a  0  —  • 

That  is  to  Ray,  if  two  bodies  move  in  different  circles,  and  in  dif* 
fercnt  times,  their  centripetal  and  centrifugal  forces  will  be  as  the 
radii  of  the  circles,  and  inversely  as  the  squares  of  the  times  of 
revolution. 

It  is  evident,  also,  that  the  centrifugal  force  is  proportional  to 
the  mass  of  the  body. 

*  Tlie  ratio  of  the  circumferenoe  of  a  circle  to  iti  diameter,  la 
8*14159,  and  tliis  number  is  usually  rc{)rc»onte<i  by  the  Greek  letter  « 


To  what  are  the  central  foroei  of  a  body  proportional  t  llow  may 
they  also  be  expressed  1 


CBHfurcaiL  roHCE. 


1T7.  nhMtnUaa  al  th*  aOaoU  of  owitilfi>SBl  fbro*. — ^The  ^^ 
Ibcts  or  ceatrifugtl  force  mftj  be  illiutrated  b;  the  ftppantus  rep- 
TMMtodlnfl^  108.    The  frMoe^fii  screwed  on  •nKdswhiob 


mty  be  rapidly  routed  by  turning  the  wheel  F.  Two  perTor&tod 
bftlls  are  placed  at  the  centre  of  the  wire,  and  the  machine  being 
put  in  motion,  they  will  be  projected  from  the  centre,  and  Btrike 
the  frame  at  the  rame  inatant,  If  they  hare  the  same  mass.  If 
they  are  placed  equally  but  have  unequal  masses,  the  greatest 
will  strike  first;  if  baring  equal  masses  thej  are  placed  une- 
qually, the  one  ftirthest  from  the  centre  will  move  first  The 
vxperiment  is  varied  by  subetitutbg  a  frame,  fig.  109,  with  glass 
109 


tubes,  oontAiDJng  liquids  of  imequal  densities,  as  mercury  and 
water ;  during  the  rotation,  the  denser  liquid  will  rise  first  to  the 
top  of  the  tube. 

178.  Kevototlan  abont  an  azla.— If  a  solid  body  revolrcs 
about  a  fixed  axis,  all  parts  of  its  mass  must  revolTe  in  the  same 
time ;  but  the  Telocitica  of  the  different  parts,  and  consequently 
their  centrifugal  forces,  will  be  proportional  ta  the  perpendicular 
distance  of  each  ft«m  the  common  axis.  The  parts  which  are 
fiirthest  from  the  axis,  wiU  have  the  greatest  velocity,  and  tend 
Kiost  to  fly  eff  from  it  If  the  revolving  body  is  ^herical,  like 
the  ewtb,  the  centrifugal  force  will  be  greatest  at  the  equator, 
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uid  diminish  regolarlj  from  tboica  to  the  poles,  where  it  b^ 
comes  Dothing.  The  centrifugal  fbree  ie  opposed  to  gnri^,  ud 
lesHcna  its  IntcnBitf ;  buttliedirectionofgniTity- being ■IwaTifo- 
pendicular  to  the  cuth'i  surfiKe,  while  the  centriftjgal  fiavcKW 
at  right  angles  to  the  asis,  they  are  not  directlj  ^ipoBed  to  caA 
other  except  at  the  equator.  There,  gnmty  is  dimioiahcd  bj  the 
whole  effect  of  the  centriAigal  Ibree,  (equal  to  aJ-^^  F*'*  '^ 
gravity,)  but  at  crerj  other  point,  the  centrifugal  force  it  it- 
solved  into  two  parte ;  of  which  one  ii  peipemdiculM-  ts  ihc  nl^ 
fcce,  and  lessens  the  effect  of  gravity,  and  the  other  is  lanpel 
to  the  snrfiKe,  and  urges  the  mase  to  accatuulatc  at  the  eqoaldr. 
Such  an  accumulation  took  place  in  the  originallj'  pl^ttic  or  Anid 
condition  of  the  earth,  so  that  the  equatorial  diameter  is  gitUB 
than  the  polar  by  about  2S  miles. 

179.  Bflsot  of  a  oantrifogal  tonm  oo  a  jUIMag  ■iii     T1l» 
110  effect  of  centrifugal  force  apoi  i 

jieldiog  mass,  may  be  shoimbf 
the  apparatus,  fig.  110,  Twotir- 
cks  of  wire  or  6exible  meltllic 
ribbons,  are  attached  below  to  *■ 
axis,  and  above  to  a  sliding  rin^ 
and  being  rapidly  rotated  by  tht 
whirling  table,  the  drelea  &tuii 
in  the  direction  of  the  axii>,  ind 
bulge  at  the  equator,  as  shom  by 
the  dotted  linefi. 

If  the  velocity  of  the  earth':> 
revolution  on  its  Kxis  were  increased  17  times,  the  oentrifu^ 
force  would  lie  289  (17*)  times  greater,  or  equal  to  gravity.  In 
this  case  a  body  would  have  no  senMlilo  weight ;  and  if  the  velo- 
city were  still  further  increased,  the  ocean  would  be  flirted  off  in 
spmy  as  walcr  from  a  grJndiitonc  in  rapid  revolution. 

If  the  Hpiru  of  tlic  revolving  solid  is  symmetrical,  and  its 
mass  of  iinifnmi  density,  and  equally  arranged  about  itn  axis, 
the  ccntrifugHl  forces  of  itH  pnrticlus  will  mutually  balance  emA 
oUicr,  Bn<l  produce  no  pressure  on  the  axis.  Thia  is  called  a  free 
axis,  and  such  is  the  axis  of  the  earth, 

ITH.  WliHt  is  raid  uf  tlie  mvalution  of  a  Imilv  sboat  a  tiled  axiit 
AViiat  of  Ihe  Gtiitrifu^-al  font  wlicii  tlie  l>ndy  it  rpherieal  I  What  ii 
tile  rclmiun  uf  Uiia  forte  )u  Krnvity  I  Wlmt  at  oilier  point*  than 
thu  equalur  I     17U.  ('•im  an  illiwliaiiuii  uf  ih«  elTwt  uf  eentrifugal 
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180.  BohiwBlwifr'i mrhtiw . — Ituinconsequenceoftheop*- 
ntion  of  the  Uw  of  inertift,  (S  27,  2B,)  that  moving  bodies  preserre 
their  pUnes  of  motion.  Thiaistrueas  well  of  planes  of  rotation  u 
ofplanefliDarectiliaeardirection.  By meane  111 

of  BohDeoberger's  machine,  we  nay  illuB- 
trate  the  tendency  of  rotating  bodies  to 
preacrre  their  plane  of  rotation,  and  thein- 
TariabiUtf  of  the  axis  of  the  earth  during  ^B 
ita  rerolution.  Bohnenberger'B  machine 
CMuists  of  three  morable  rings,  AAA,  fig. 
Ill,  placed  one  within  the  other,  and  con- 
nected bj  pins  at  right  angles  to  each  other, 
in  the  same  waj  as  the  ^mbala  that  support 
«  compass.  In  the  smallest  ring  there  is  a 
heavy  metallic  ball  supported  on  an  axis,  which  also  carries  a 
little  roller  e.  The  ball  is  set  in  rapid  rotation  by  winding  a 
small  cord  around  e,  and  suddenly  pulling  it  oS.  The  axis  of  the 
ball  will  continue  in  the  same  direction,  no  matter  how  the  po- 
rition  of  the  rings  may  be  altered ;  and  the  ring  which  supports 
it  will  reMst  a  considerable  pressure  tending  to  displace  iL 

instrument  by  whidi 


Wb-t  wonld  be  the  result  if  the  Telodtj  of  the  earth's  revolution 
e*  ila  Mb  was  test saisj  M  Mnnsl    What  w  sailed  a  IH«  anit 
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we  may  illustrate  the  result  of  oentriftigal  force  as  modified  bj 
inertia  and  gravity ;  and  also  show,  as  in  Bohnenberger's  mi- 
chine,  the  tendency  of  rotating  bodies  to  preserve  their  plane  of 
rotation.  A  common  form  of  the  rotascope,  fig.  11 S,  consisu 
of  a  metal  ring,  A  B,  inside  of  which  is  placed  a  metallic  disc,  ClK 
loaded  at  its  edge,  and  which  turns,  independently  of  the  rin^ 
upon  the  axis.  Motion  is  conununicated  by  means  of  a  cord, 
wound  around  the  axis  of  the  disc  and  suddenly  drawn  off  K 
when  the  disc  is  rotating  rapidly,  it  be  placed  on  the  steel  pin 
supported  on  the  column  Fy  it  seems  indifferent  to  gravity,  and 
instead  of  dropping,  it  begins  to  revolve  about  the  vertical  axi5. 
The  motion  of  the  axis  is  similar  to  the  preeenion  of  the  fjvi- 
noxes.  The  motion  of  revolution  is  opposite  in  direction  to  the 
rotation  of  the  disc,  and  when  one  of  these  motions  is  the  greatest, 
the  other  is  the  least 

Wlien  the  rotating  disc  is  placed  in  a  vertical  plane  and  made 
to  rotate,  each  particle  has  a  horizontal  and  vertical  component 
<§  Hi).)     As  soon  as  the  disc,  from  its  weight,  begins  to  incline 
from  its  original  vertical  position,  the  horizontal  components  still 
remain  parallel  to  the  new  position,  but  the  vertical  component« 
do  not.      If  the  upright  edge  of  the  disc  nearest  the  eye  is 
ascending,   this   edge  is  pushed  to  the  left,  and  the  oppoedte 
edge  to  the  right     These  two  forces,  resulting  out  of  the  devia- 
tion of  the  original  vertical  components  from  parallelism  with 
the  disc,  act  as  through  a  bent  lever,  to  turn  the  whole  disc 
around  a  vertical  axis,  in  a  direction  opposite  to  its  rotation. 
This  can  be  shown,  experimentally,  by  pressing  with  the  fingers 
upon  these  two  parts  of  the  edge.     As  soon  as  the  motion  round 
the  vertical  axis  begins,  the  horizontal  components  of  the  ori- 
ginal rotation  no  longer  retain  their  parallelism  with  the  disc 
But  the  tendency  to  preserve  this  parallelism,  in  other  words. 
the  tendency  of  the  disc  to  preserve  michanged  its  plane  of  ro- 
tation, generates  force  which  &c.ts  on  the  top  of  the  wheel,  to  the 
left,  and  at  the  >>ottom  of  the  wheel,  to  the  right     These  forces 
acting  by  leverage,   tend  to  lift  the  wheel,  as  may  be  seen  by 
pressing  in  the  same  way  with  the  fingers.     When  friction  is 
excluded,  this  uplifting  force  is  an  exact  balance  of  gravity,  and 
the  wheel  neither  rises  or  falls.     {Toffgen,  Annul.) 

180.  What  may  we  illuHtrHte  by  Bohneiiberger*B  machine  7  !!•• 
Bcrit>e  it  181.  What  \%  said  of  the  Gyrortoope  ?  Describe  the  com- 
mon form  of  this  instrumeiiU  In  what  direction  is  the  motioD  of 
revolution!  Give  the  explanation  of  its  moveuienta.  When  the 
wheel  is  revolving  why  can  we  not  move  it  sideways  f 
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It,  when  the  wheel  iB  routing  npidlf ,  it  b  held  in  the  hands 
with  the  axis  horizontal,  it  may  be  moved  npwards  or  down- 
wards, forwards  or  backwards,  without  difflralty ;  but  if  an  at- 
tempt  is  made  to  more  it  aidewajs,  we  are  opposed  hj  a  forces 
(inertia,)  which  ia  greater  as  the  velodlj  of  the  wheel  is  greater. 

18!.  Dynamotnatan. — Instrumente  for  meaenring  force,  and 
eepeciallj  the  relative  strength  of  men  and  other  animals,  are 
called  dynamometerB.  One  of  the  most  simple  of  these  is  repre- 
sented in  flg.  IIS;  it  consists  of  a  steel  spring  lia 
a  Cb.  The  metallic  arc  a  d  is  fixed  near  the  end 
of  the  limb  Ca,  and  passes  freely  through  an  open- 
ing in  the  other  limb.  The  graduated  arc  6  «,  is 
Axed,  in  like  manner,  in  the  limb  Ch.  Theamount  ^ 
of  the  force  exerted  at  the  points  t  and  d,  detei^  V 
mines  the  degree  to  which  the  two  limbs  will  ap- 
proach, and  is  represent«d  in  pounds  on  the  gradu- 


188.  ZiA RoySi dyBamomatar. — 7ig.ll4consiats 
of  a  steel  spring,  coiled  within  a  cjlindrieal  tube.    The  end  n  of 
the  spring  ia  attached  to  114 

a  rod  of  metal,  graduated  ^ 
in    pounda   and    oiinc««, 
which  ia  dntwn  out  more,  as  ttie  force  b  applied  Is  greater. 

184.    Raynlw^   dTnameoMtar,  flg.   116,  oonaists  of  a  sted 
spring,  ffl  n  »  A,  of  which  IIS 

the  part  a  and  h  approach 
each  other,  when  aforce  is 
exertedat  the  points  m  and 
n.  An  arc  graduated  in  lbs. 
ia  attached  to  the  spring 
at  the  point  a,  and  carries 
a  needle,  r  «,  woriced  by  a 
lever,  e.  The  position  of 
this  needle  upon  the  arc,  ' 
indicates  the  amount  of 
the  force  exerted.  If  it  ia  wished  to  determine  the  strength  or 
force  exerted  by  any  animal  or  machine,  as  the  steength  ex- 
erted by  a  horse  in  drawing  a  plow  through  the  ground,  it 
is  only  necessary  to  attach  one  end  of  the  Instrument,  as  n,  to 
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the  plow,  and  haye  the  horse  attached  to  the  other  end,  n. 
The  degree  which  is  marked  by  the  pointer  when  the  horse  moTtf, 
represents  in  lbs.  the  force  exerted. 

Another  dynamometer  is  often  used,  similar  in  oonstraction  to 
the  last,  only  that  the  force  is  exerted  at  the  points  a  and  h,  fig. 
115,  which  are  made  to  approach  by  a  contrivance  similar  to  that 
shown  in  fig.  113.  It  is  evident,  that  in  this  last  arrangement. 
the  force  is  applied  in  the  most  fiivorable  position  for  prodncing 
the  maximum  effect  in  collapsing  the  spring ;  while  in  Reynier's 
dynamometer,  the  force  is  applied  where  only  the  minimum  effect 
is  produced,  and  the  instrument  is  therefore  generally  emplored 
for  determining  only  very  considerable  forces. 

185.  Animal  strength. — ^The  mechanical  effect  produced  by  men 
and  animals,  is  subject  to  extreme  variation,  according  to  the  ti- 
rious  circumstances  under  which  it  is  applied.  The  effect  pro- 
duced is  determined  by  multiplying  the  load  (or  weight)  by  the 
speed.  There  is  always  a  certain  relation  between  the  elements, 
which  will  give  the  maximum  effect ;  for  the  load  may  be  so  great, 
that  it  will  require  all  the  strength  of  the  animal  to  support  it,  and 
then  he  cannot  move ;  or  again,  the  animal  may  have  a  speed  of 
motion  so  great,  that  he  cannot  carry  any  load,  however  small 

186.  Strength  of  men. — It  has  been  found,  that  the  strength 
of  a  man  may  be  exerted  for  a  short  time,  most  advantageously, 
in  raising  a  weight,  when  it  is  placed  between  his  legs.  The 
greatest  weight  that  can  be  raised  in  this  manner,  varies  from 
450  to  600  lbs ;  its  average  amount  does  not,  however,  exceed 
250  lbs. 

The  greatest  mechanical  effect  from  muscular  force  is  obtained, 
when  the  animal  acts  simply  by  raising  his  weight  to  a  given 
height,  and  then  is  lowered  by  simple  gravity,  as  upon  a  moving 
platform,  the  animal  actually  resting  during  the  descent.  In 
other  words,  the  animal  affords  a  convenient  mode  of  raising  a 
given  weight,  (his  own,)  to  a  certain  height  Thus,  if  two  baskets 
are  arranged  at  each  end  of  a  rope  hung  over  a  pulley,  and  a 
weight  to  be  raised  is  placed  in  one  of  the  baskets,  one  or  more 
men,  whose  weight  is  greater  than  that  of  the  load  to  be  raised, 


What  IB  said  of  another  dynamometer  similar  in  form  to  Rey- 
nier's? 185.  What  is  said  of  the  muscular  strength  of  a  man  and  a 
horse  t  186.  How  may  the  strength  of  a  man  be  exerted  moat  advan- 
tageously in  raising  a  weight  9  What  Ih  the  greatest  weight  that  can 
be  raised  in  this  manner  ?  What  is  the  average  weight  f  Uow  is  the 
greatest  mechanical  effect  produced  by  an  animal  f 


M5,  b7  gMofi  into  the  emptj  basket,  niM  tiie  weight  u  often 
H  maj  be  required.  It  haa  been  found  bj  experiment,  that  in 
this  way,  a  inui  working  eight  hours,  can  produce  an  efiect 
equivalent  to  3,000,000  lbs.  raised  one  foot ;  while  at  a  windlass, 
an  effect  of  onlj  ],2CO,000  Ibe.  is  produced,  and  at  a  pile  engine, 
only  760,000  lbs.  In  the  tread-mill,  the  daily  effect  of  men  of 
the  average  strength,  is  1,876,000  lbs.  raised  one  foot  Spade 
labor  is  one  of  the  most  disadvantageous  forms  in  which  human 
kbor  can  be  applied;  the  force  exerted  being  always  much 
greater  than  the  weight  of  the  earth  raised.  The  muscular  effect 
ot  the  two  hands  of  a  man,  is  about  (60  i)  1,112  lbs.,  and  for  a 
female,  about  two-thirds  of  this  quantity. 

IB7.  Bone  power  marhlntt — One  of  the  most  advantageous 
methods  of  implying  the  strength  of  animals,  is  by  machines 
constructed  upon  the  principle  of  the  tread-mill  In  practice, 
bowever,  it  has  been  found  more  convenient  to  apply  horse-power 
to  raacbinery  by  means  of  a  large  beveled  or  toothed  wheel,  fixed 
horiiontally  on  a  strong  vertical  axis.  The  horses  are  attached 
to  projecting  arms  of  tbis  wheel,  and  as  they  move  in  their 
circular  path,  they  push  against  their  collars,  and  make  the  wheel 
revolve.  This  beveled  wheel  acts  on  a  beveled  pinion  attached 
to  a  horizontal  shaft,  in  connection  with  the  machinery  to  be  set 
in  motion.  The  maximum  effect  which  a  horse  can  exert  in 
drawing,  is  600  lbs. ,  but  when  he  works  continuously.  It  ia  much 
less.  In  the  machine  just  mentioned,  a  horse  of  average  strength 
produces  aa  much  efiect  as  seven  men  of  average  strength 
working  M  a  windlass.  According  to  experiments  made  in  Scot- 
land, it  appears  that  the  average  load  which  a  single  horse  can 
draw,  at  the  rate  of  33  miles  per  day,  in  a  cart  weighing  7  cwt, 
[a  one  ton,  of  2340  lbs. 

188.  Tabla  of  th*  oomparaHre  strangth  of  ■un  and  other  an- 
taaala. — The  following  estimates  of  the  relative  strMigth  of  man 
and  other  animals,  have  been  given  by  the  authorrtka  whose 

Give  the  example  maotioned.      What  is  the  effect  a  man  oan 


What  to  laid  of  horM  power  t  How  it  it  meet  advanUgeouily  em- 
riojed  I  Wiiat  it  the  maximain  effaot  a  hmae  can  exert  in  drawing  T 
Wliat  ii  the  oomparaUve  itreDgth  oT  horM*  and  men  I  ,What  ii  uid 
*f  the  load  a  bono  can  draw  t 
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names  are  indicated,  OouIoinVs  estiiiiate  of  the  labor  of  a  man 
being  in  each  caae  taken  aa  the  unit 

Carrying  loads  on  the  back,  on  a  level  road. 

Horee,  aeeording  to  Bronaooi,      4*8 

"  "         "  WeHemaiiD,  6-1 

Male,         "         "  Branaeoi,      '7-6 

In  drawing  loads  on  a  level  road,  with  a  wheeled  Tehiclei 

Man  with  wheelbarrow,  aooording  to  Coulomb^      10*0 
Horses  in  foor-wheeled  wagon,         "        "  176^ 

"    in  two- wheeled  caK,  aeeording  to  Bmnaoci,  248  "0 
Mule     "    "  "        "  "        "        "  288 1) 

Ox         **  "  "        "  "        "        "  122*0 

Hassenfratz  gives  the  following  comparative  estimate. 

In  carrying  loads  on  a  lerel  road.       1       In  drawing  load*  oa  a  laval  womP 
Man, 1-0  Man, 1-0 


Horse,     .    .    .    •    ,     ,    .    7^ 

Male, 7-0 

Ass, 2*0 

Ox -    4to7>) 

Dop 0-6 

Reindeer, 0*2 


Horse, 80 

Mule, 8-0 

Afls, 4-0 

Camel, 81-0 

Dromedary, 26*0 

Elephant, 147*0 

Dog 1-0 

Reindeer, 8*0  [ 

189.  Steam  power. — Water  is  converted  into  steam  by  the  ap- 
plication of  heat  Steam  is  an  elastic  condensible  vapor,  capable 
of  exerting  great  force.  During  the  conversion  of  a  cubic  inch 
of  water  into  steam,  a  mechanical  force  is  exerted.  Which  may 
be  stated,  in  round  numbers,  as  equivalent  to  a  ton  weight  raised 
one  foot  high.  The  water  is  merely  the  medium  by  which  the 
mechanical  effects  of  heat  are  evolved.  The  real  moving  power 
is  the  combustible,  the  coal  or  wood  consumed  in  the  evaporation 
of  the  water. 

The  maximum  effects  from  a  given  weight  of  coal,  in  eviqx>- 
rating  water,  and  consequent  mechanical  effect,  have  been  ob- 


188.  Give  the  relative  weights  which  different  animals  can 
on  their  backs.  Tlie  relative  weights  they  can  draw  in  wheied  ve> 
hides.  Mention  some  of  Hasten t'ratz's  estimates  of  the  comparative 
weights  different  animals  can  carry  and  draw.  189.  What  ia  said 
of  the  conversion  of  water  into  stoamf  What  is  the  real  moving 
power t  What  are  the  maximum  effects  obtained  bv  coal  in  avapo- 
ratina  water  * 
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Uined  in  Gomwrnll,  Sn^and,  wliere  a  bnahel  of  coal,  weighing 
84  lbs.,  bae  produced  amechwiic»1  effect  equivftlent  to  120,000,000 
Ibfi.  raised  one  foot  Probably  100,000,000  is  the  maximuin 
mechaaica]  effect  attainable,  in  r^ular  work,  bj  the  coosump- 
tion  of  a  bushel  of  coaL 

As  tlie  maximum  eSbct  produced  by  man  it  S,000,000,  and 
that  of  a  horse,  10,000,000,  it  follows,  that  one  bushel  of  coal 
consumed  daily,  may  perform  the  woric  of  50  men,  or  ten  hones. 

tn  the  chapter  on  heat  and  the  eteam-engine,  this  subject  will 
be  more  fully  considered.  It  is  introduced  here  only  for  the 
sake  of  the  convenient  standards  of  force  it  gives  ub. 

l^eorti  of  Maekinery. 

IftO.  FrlDCdpla  of  vtrtnal  ▼olooUlM.—It  was  shown  In  §  111, 
that  when  a  body,  luving  a  fixed  point  of  support,  is  acted  on  by 
two  parallel  forces  in  the  same  direction,  the  forces  will  be  in 
equilibrium,  if  they  are  to  each  other  inversely  as  their  distances 
116  Ihmi  the  supporting  point. 

Thus  in  fig.  lie,  if  an  in- 
flexible rod,  supported  at 


1: 
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then  they  will  be  in  equilibrium.  But  in  every  proportion,  the 
product  of  the  first  and  last  terms  is  equal  to  the  product  of  the 
second  and  third ;  and  instead  of  saying  that  the  forces  are  in- 
versely as  their  distances,  the  same  thing  Is  expressed  hf 

W  X  C  W=  P  X  C  P 

The  principle  may  bo  illustrated  in  another  manner.  Let  the 
bar  l>e  made  to  oscillate  gently  about  the  point  of  support,  or 
axis.  It  is  plain  that  the  spaces  described  by  the  ends  of  the 
bar  will  be  proportional  to  their  distances  from  the  axis ;  for  the 
angles  at  the  axis  bebg  equal,  the  arcs  a/  and  i  &  are  directly 

What  is  said  of  the  mMhaoieal  effeet  produced  by  the  sombntlion 
of  abudMloTeoal,  aewnDparedvithmenaad  horrcst  190.  What 
M  (aid  of  the  principle  of  virtual  velooitie*  I  Uow  may  it  be  illne- 
traUd  I    Qive  aaotlier  iUaetratioo. 
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proportional  to  their  radii,  or  distanoes  from  the  uda^  C  IT  and 
C  P.    Hence, 

IT :  P  :  6  *  :  a  /, 

That  is,  two  forces  are  in  equilihrium  when  they  are  to  each  other 
inversely  as  the  spaces  which  ^ey  descrihe.  The  arcs  being  de- 
scribed in  the  same  time,  represent  ^e  velocities,  and  the  prin- 
ciple is  usually  thus  stated :  farce9  in  equilibrium  must  be  tc  ioek 
other  invenelp  ae  their  velocities.  The  prodactB,  therefore,  of 
the  forces  multiplied  by  their  respective  velodtiea,  are  equaL 

Wxaf=:Fxbh 

These  products  are  called  the  moments  of  the  forces,  (§  12d,) 
and  forces  are  always  in  equilibrium  when  their  moments  are 
the  same.  If  the  movement  is  doubled  or  halved,  or  varied  in 
any  proportion,  the  efficacy  of  the  force  is  doubled  or  halved,  or 
varied  in  the  same  proportion.  Any  two  forces  will  balance  each 
other  if  they  conform  to  the  conditions  just  explained. 

A  force  of  I  lb.  will  balance  one  of  1000  Ibei,  if  they  are  applied 
BO  that  the  motion  of  the  first,  through  1000  inches,  is  attended  by 
a  motion  of  the  other  throngh  1  inch,  and  vice  verio. 

Any  means  by  which  two  forces  are  brought  into  this  relation 
with  each  other,  constitutes  a  machine. 

191.  Machine,  power,  weight. — A  machine,  then,  is  an  instru- 
ment or  apparatus  by  which  force  may  be  transmitted  from  one 
point  to  another,  usually  with  some  modification  of  its  intensity 
or  direction. 

In  the  language  of  mechanical  philosophy,  the  force  applied 
to  a  machine  is  called  the  power  ;  the  place  where  it  is  applied, 
the  point  of  application;  and  the  line  in  which  this  point  tends 
to  move,  is  the  direction  of  the  poiccr. 

The  resistance  to  be  overcome,  is  called  the  weight ;  and  the 
part  of  the  machine  immediately  applied  to  the  resistance,  is  the 
teorkiug  jmnt.  The  moving  powers,  and  the  resistances,  are 
both  extremely  various ;  but  of  whatever  kind  they  may  be,  they 


Whvn  are  two  forces  in  equilibrium  f  What  is  Uie  result  when 
the  moment  is  doubled  f  Give  an  illustration  uf  the  equilibrium  of 
forces  t  191.  What  is  a  machine  \  What  is  the  power  I  What  the 
weightf     What  the  working  point  I 
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out  almys  be  ezpreesed  bj  equivkleat  weights,  i.  e.,  such  u 
being  applied  to  the  nuchioe,  would  produce  the  eame  effects. 

1S2.  BqidUbriinB  of  maohlmw. — When  the  power  and  weight 
•re  equal,  the  machine  is  in  equilibrium,  uid  it  may  be  at  rest, 
or,  as  is  usually  the  case,  in  a  slate  of  uniform  motion.  If  a  ma- 
chine in  this  c«se  is  put  into  uniform  motion,  it  must  continue 
to  move  indefinitfily;  for  the  power  and  weight  being  equal, 
neither  of  these  forces  can  stop  or  modify  the  motion,  without 
some  additional  force,  whidi  Is  contiuy  to  the  supposition. 

Thiu,  if  ao  engine  draw*  a  railway  traio  with  nniform  velooity, 
the  power  of  the  eapne  ii  in  equilibria m  with  the  reaiitanoe  of  the 
traia  At  itarting,  the  power  ii  greater  than  tbe  retiitanee,  and  the 
motion  of  the  train  ii,  coneeqneatly,  aoeelerated,  until  the  reaistanee 
becomea  equal  to  the  power,  when  •quilibrium  is  again  establiehed. 
If  any  part  of  the  power  ie  now  withdrawn,  the  power  become*  le** 
than  the  rMutanee,  and  the  motion  I*  eonaequently  retarded  mitil 
the  train  ia  brought  to  rest. 

The  mechanical  energy,  moving  force  or  moment  of  the  power, 
is  found  by  multiplying  its  equivalent  weight  by  the  space 
through  which  it  moTes,  or  its  velocity ;  and  the  moment  of  the 
resistance  is  estimated  in  the  same  manner.  As  we  have  just 
seen,  the  relation  between  these  movements  determines  the  state 
of  the  machine. 

l^'i.  Utility  of  mi  shins*. — It  issometimessud,inillustrationof 
the  usefulness  of  machines,  that  a  great  weight  may  be  supported 
or  rai«od  by  an  insignificant  power ;  but  such  statements,  if  lit- 
erally understood,  are  obviously  untrue.  No  machine,  however 
ingenious  its  construction,  can  create  any  force,  and  therdbre  the 
working  point  can  exert  no  more  force  tlian  ia  transmitted  to  it 
firacu  the  source  of  power.  Every  machine  has  cerbuo  fixed 
points,  which  are  arranged  to  support  any  required  part  of  the 
weight,  while  the  remainder  of  the  weight,  and  that  part  only, 
is  directly  sustained  by  the  power.  This  reminder  cannot  be 
greater  than  the  power, 

194.  ReUtiiio  of  power  to  w«igfat^-But  if  the  weight  ia  not 
merely  supported,  but  raised  through  a  given  space,  then  the 
power  must  move  through  a  space  as  much  greater  than  the 

IBl  When  U  a  maaliiua  in  equilibrium  I  Oive  an  e]cample.  How 
ia  the  mechanical  enerjjy  found)  IBS.  What  ii  nid  ofthe  utilityof 
maehinet  I 
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weight  moves  through,  as  the  weight  itself  is  greater  than  the 
pewer ;  in  other  words,  the  power  and  weight  must  be  inverBelr 
as  their  velocities.  This  inverse  proportion  is  expressed  when 
it  is  said,  that  power  is  always  gained  at  the  expense  of  time 

To  raise  1000  Ihs.  to  a  height  of  one  foot  by  a  single  effort^  woaM 
require  a  force  equivalent  to  1000  lbs. ;  bat  the  aame  thing  may  be 
accomplished  by  a  power  of  1  lb.  acting  for  1000  timet  anecenifcly, 
through  a  space  of  one  foot  If  a  man  by  exerting  hii  entire  streDgth 
could  lift  200  lbs.  to  a  certain  height,  in  one  minnte,  no  maehioe 
whatever  can  enable  him  to  lilt  2000  lb&  to  the  aame  height  in  th* 
same  time.  He  may  divide  the  weight  into  ten  parts,  and  lift  each 
part  separately ;  or  by  the  intervention  of  a  machine  he  may  raise 
the  whole  mass  together,  requiring,  however,  ten  minutes  for  the  task. 

On  the  other  hand,  it  is  often  the  object  of  a  machine  to  move 
a  small  resistance  by  a  great  power. 

In  a  watch,  the  moving  force  of  the  mainspring  is  Yery  moch 
greater  than  the  resistance  of  the  hands,  revolving  about  the  dial 
In  a  locomotive  engine,  each  motion  of  the  piston  backwards  and 
forwards,  moves  the  train  through  a  space  equal  to  the  circumference 
of  the  driving  wheel ;  if  the  length  of  stroke  is  one  foot,  and  the 
circumference  of  the  wheel  12  feet,  then  the  velocity  of  the  piston 
will  be  to  the  velocity  of  the  train,  as  2  to  12 ;  consequently  the 
power  acting  on  the  piston,  is  greater  than  the  resistance  of  the 
train,  in  the  proportion  of  1 2  to  2. 

1 05.  Adaptation  of  the  power  to  the  wel^t  in  machinery. — 
The  use  of  machines  is  to  adapt  the  power  to  the  weight  If  the 
intensity,  direction,  and  velocity  of  the  power,  were  the  same  as 
the  intensity  and  direction  of  the  resistance,  and  the  velocity  re- 
quired to  bo  given  to  it,  then  the  power  might  l>e  directly  ap- 
plied to  the  resistance,  without  the  intervention  of  a  nuu^hine. 
But  if  a  small  power  is  required  to  move  a  great  resistance ;  or, 
if  a  power  actin<>;  in  one  direction,  is  required  to  impart  motion 
in  another ;  or,  to  impart  a  velocity  proatcr  or  less  than  its  own, 
then  it  is  necessary  to  employ  a  machine  which  will  modify  the 
oflfect  of  the  power  in  the  required  manner. 

190.  Motion  of  the  power  employed  changed  by  mar^iiin^^  — 


194.  What  is  said  of  the  relation  of  power  to  weight  f  Give  illus- 
trations. What  is  said  of  a  watch  f  A  locomotive f  19.V  What  is 
said  of  the  adaptation  of  the  {>owrr  to  tho  weight  in  inaohin^ftf 
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Beeidw  these,  the  motiOD  of  the  power  mkj  difl^  from  the  modoo 
required  in  the  migtanoe,  in  ft  great  varietj  of  wftjg. 

The  povBr  mty  here  a  reciprocitiag  motion,  aa  in  the  loaomotiTe 
engine,  and  be  required  to  prod  ace  a  ooetiDDons  motioD  in  ■  straight 
line,  ■■  in  moring  ■  train  npon  a  railway.  Or,  the  potrer  maf  haTe 
a  rectilinear  motion,  a«  a  ttream,  and  be  emptofed  to  prodnoe  the 
eirealar  motion  of  the  ilonae  in  a  griit-mill,  or  the  reciprocating 
notion  of  a  *«w,  in  a  Mw-milL 

In  every  class  of  machines,  the  relations  existing  betveen  the 
power  and  the  resiatanee,  depend  solelj  on  the  construction  of 
the  machine ;  but  even  a  general  account  of  the  ingentoua  con- 
triTances  by  which  the  moring  force  is  regulated,  modified,  and 
adapted  to  the  rarying  conditions  and  requirements  of  the  resist- 
ance, would  lead  us  &r  beyond  the  limits  and  design  of  this 


Tht  Simple  MaeMni*. 

lOT.  OlaudfioaUon  of  '■'*^*''-" — Machines  which  consist  of 
only  one  part,  are  called  simple  machines ;  compound  machines 
are  made  up  of  Tarious  combinations  of  the  simple  machines. 

These  elementary  machines,  or  mechanial  powers,  are  com- 
prised under  three  classes : 
I.  The  lerer, 
II.  The  pulley. 

in.  The  inclined  plane. 

The  wheel  and  axle  is  a  modifleation  of  the  lerer ;  and  the 
wedge  and  the  screw  are  essentially  the  same  M  the  inclined 

Notwithstanding  the  endless  variety  and  complexity  of  ma- 
chines, their  individual  parts  may  always  be  reduced  to  one  of 
thwe  classes.  Every  machine,  however  complex,  is  constructed 
according  to  the  fhndaniontal  law,  already  explained,  that  the 
power  and  weight  must  be  to  each  other  invervely  as  thur  velo- 


ky  inachiaei  I  Give  illuitratioi 

What  are  compound  micliiueil      Wbat  ai .       . 

oliuiical  powent     Wliat  i«  tha  whael  and  axle  a  modifioatioo  eft 

What  thu  vedge  and  wretr  I     What  fundamental  law  ii  every  ma> 

ehine  eonitrucied  aoeurdtng  to  I 
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198.  TlMlsTor. — ^The  lever  is  an  inflexible  rod,  turning  about 

a  fixed  point  of  support,  or  azi% 

which  is  called  the  iulcruoL    The 

parts  of  the  lever  extending  oo 

each  side  of  the  fulcrum,  un  called 

the  arms  of  the  lerer.    Lerei 

may  be  strai^t  or  bent,  simple  or 

compound.     It  is  usual  todividr 

levers  into  three  classes,  aoooidinf 

to  the  position  of  the  fiilcnnn,  in 

relation  to  the  power  and  weight 

are  represented  in  fig.  117. 

the  first  class,  the  fiilcnun  ii 

between  the  power  and  weight 

the  second,  the  weight  is  be. 

^||p^^  tween  the  fulcrum  and  power.  In 

^^l^3M^  the  third,  the  power  is  between 

F  ^Y^^  fulcrum  and  weight 

y       ^  pi     Whatever  may  be  the  class  of 

I     the  lever,  the  power  and  weight 
III  Q    will  be  in  equilibrium  when  tber 

are  inversely  as  their  distances  from  the  fulcrum.  In  each  of  the 
levers  in  the  figure,  we  shall  have, 

P:  W::FW:FP 

Or 

P  X  FP=   W  X  FW 

Consequently^  the  moment  of  the  power,  or  its  tendency  to  turn 
the  lever,  would  be  augmented  either  by  increasing  the  power 
itself,  or  its  distance  from  the  fulcrum.  The  same  is  true  of  the 
weight  The  distance  of  a  force  from  the  fulcrum,  is  called  its 
leverage. 

1  !MK  Bquilibrium  when  the  forces  act  obliqaely  to  the  Icvar. 
In  the  preceding  examples,  the  direction  of  the  forces  is  perpen- 
dicular to  the  lever ;  but  they  may  act  obliquely,  the  only  con- 
dition necessary  to  equili)>riuni  being,  that  their  moments  about 
the  fulcrum  must  be  equal,  and  their  directions  opposite.  But 
the  effective  distance  of  a  force  from  the  fulcrum,  is  always  the 


198.  What  18  a  lever  t  Mention  the  position  of  the  power,  weight 
and  fulcrum  in  the  three  clnMcs.  Wlicn  are  the  power  and  weight 
in  eqailibriumf 


1 


perpendlcnlu'  disUnce  from  tlut  point  to  the  line  ot  direction  of 

the  force.     Thus,  in  &g,  118,  if  118 

the  power  acts  in  the  direction  B 

SP,  the  moment  of  the  power  /''  \ 

ia  not  expressed  hy  P  x  A  F,  ,--'' 

but  by  /■  X  BF.     Henoe,  if 

the  arms  of  the  lever  ue  bent 

or  curved,  their  effective  lengtii 

!■  found  by  dnwing  perpen- 

dicuUra  from  the  fulcrum,  upon 

the  directions  of  the  power  and  weight 

aoo.  Oomponnd  iavon. — When  a.  pven  power  is  required  to 
sustain  a  considerable  weight,  Mid  it  is  not  convenient  to  use  a 
very  long  lever,  a  composition  of  levers,  or  compound  lever  is 
employed  When  such  a  system  ia  in  equitibrium,  the  power, 
multiplied  by  the  continued  product  ofthe  alternate  arms  of  the 
levers,  commencing  from  the  power,  is  equal  to  the  weight  mul- 
tiplied by  the  ccmtiDued  product  of  the  alternate  arms,  com- 
inendng  from  the  weight  For  example,  the  system  represented 
in  tig.  119,  consisting  of  three  levers  of  the  Brst  class,  will  be 
lltl 
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in  equilibrium  when, 

P  ^  AF  BF  CF-=  W  DF  OF  BF. 
If  the  long  arms  arc  S,  4,  and  5  feet,  and  each  of  the  short  arms 
1  foot  then  I  lb.  at  A  will  suKtain  120  Ibn.  at  D  ;  but  if  a  simple 
lever  had  been  used,  the  long  arm  being  incrwsed  simply  fay 
adding  these  qnantitiea,  wo  should  have  gained  a  power  of  only 
B  +  4+5  =  15tol. 

The  pressure  on  the  fulcrum,  when  the  power  and  weight  are 
in  ojuilihrium,  is  found  by  applying  the  principle  of  the  compo- 
sition of  forces,  {i  1011.)     Inaturcrof  the  first  class,  the  resultant 

lUS.  What  is  Mid  of  equilibrium  when  the  forec  acts  obltqacly  to 
the  laver  I  Menliun  exsmpU  of  a  bent  lever.  SiHi.  What  is  sai'd  of 
compoDDd  levenl  When  w  a  eompaUDd  lever  in  equilibrium  t  Uive 
the  fonnalst  Hew  is  tlia  pieMura  fonnd  vhen  thg  power  and 
w«|^t  are  in  eqailibriom  I  What  ia  tlie  resultant  in  the  leven  of 
Um  three  elBMsl 
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of  the  power  and  weight  is  a  sin^e  force,  equal  to  their  sum,  lui 
passing  through  the  fulcrum ;  consequently,  the  pressure  wiU  fcv 
equal  to  the  sum  of  the  power  and  weight.  In  a  lever  of  the 
second  or  third  class,  the  resultant  is  equal  to  the  difierencc  of 
the  power  and  the  weight 

201.  Applications  of  the  lnver. — ^Lerers  of  the  flnt  class  ir 
illustrated  by  fiuniliar  examples. 

A  erowbar  used  in  raising  itonea^'and  a  poker  used  to  raiie  \hi 

coals  in  a  grate,  are  levers  of  this  cUsbl    SciMora^  annffers,  and  ptn- 

oers,  are  pairs  of  levers  of  this  class,  the  Joint  which  connects  then 

being  their  common  fulorom.    The  common  hammer  ia  •  bent  ItT«r 

120  ^  of  the  first  class,  the  claw  being  the  arm  appli«l 

to  the  resistance,  and  the  handle,  the  arm  acted 

on  by  the  power. 

An  example  of  the  bent  lever  is  seen  in  the 
ordinary  truck,  fig.  120,  used  for  moving 
heavy  goods  a  short  distance.  In  this  ma- 
chine, the  axis  of  the  wheels  F  is  the  fulorunn 
against  which  the  foot  is  placed,  while  the 
weight  at  B  is  raised  off  the  g^und  by  the 
^^  hand,  applied  at  P. 

One  of  the  most  useful  applications  of  the  lever  is  seen  in  the 
balance.  It  consists,  essentially,  of  a  lever  of  the  first  class,  sus- 
pended at  its  centre,  and  therefore  having  equal  armsL  The 
scales  arc  sustained  by  cords  hung  fit>m  the  extremities  of  the 
beam,  A  B,  fig.  121,  called  points  of  suspension,  and  these  points 

must  be  in  a  line,  at  right  angles 
to  the  line  joining  the  centre  of 
motion,  and  the  centre  of  gravity. 
The  centre  of  gravity,  y,  is  be- 
low the  fulcrum,  for  if  it  should 
coincide  with  the  fulcrum,  the 
balance  would  rest  in  any  posi- 
tion, indifferently ;  but  if  it 


121 


a)>ovc  the  fulcrum,  the  beam  would  be  upset  by  the  least  dis- 
turl>ance.  In  a  perfect  balance,  all  the  parts  on  each  side  of  the 
centre  .of  jo^vity  must  be  absolutely  etiual.  In  practice,  such 
accuracy  is  imi)ossible,  but  the  exact  weight  of  a  hotly  may  be 
found  by  the  process  of  double  weighing,  devised  by   Borda. 

201.  Give  exumplcA  of  levers  uf  tlio  first  cUim.  Give  an  example  of 
a  bent  lever  1  What  is  raid  of  the  balanco  ?  What  is  mid  of  a  perfect 
balance  ?    How  may  the  exact  weight  of  a  body  be  found  f 


LRTBRS.  ISS 

Let  the  body  to  be  wetgh«d  be  accuratelj  conntCTpoiged  by 
nicHna  of  shot  or  sand  This  being  done,  remove  the  body  and 
Eubetitute  for  it  known  weights,  until  equilibrium  is  ngun 
reatoreil  The  unount  of  this  weigU  will  ejiactly  express  the 
weight  of  the  body,  since  being  placed  under  exactly  the  same 
circumstaoces  aa  the  body,  it  produced  the  same  effects.  If  a 
balanoa  has  been  fiUdifled  for  dishoneet  purposes,  the  cheat  can 
be  detected  by  shifting  thq  weights,  which  produce  equilibrium. 
To  find  the  true  wei^t  by  means  of  such  a  balance,  weigh  the 
substance,  first  in  one  scale,  and  then  in  the  other ;  multiply  the 
two  weights  together,  and  take  the  square  root  of  the  product 

Hi*  itedyard  ii  a  lorer  of  the  flnt  olaia,  with  uDsqval  srnu.    The 
body  i*  to  be  weighed,  is  attaohed  to  the  short  arm.  A,  fig.  Ii3, 


aad  eoonterpoiMiI  by  a  eenttant  waight,  Q,  shifted  upon  tlia  looger 
•no  marked  with  notches  to  indicate  poued*  end  ounces,  until  eqai- 
libriom  is  obtained.  It  it  erident  that  a  pound  weight  at  D,  will 
balaoee  at  many  poaodt  weight  at  J*,  as  the  distance  D  Cim  greater 
OtMtiAa 

Lerera  of  the  second  class  occur  less  fluently. 

An  oar  is  an  example ;  the  water  is  the  tnlemm,  the  boat  is  t}ie 
weight,  and  the  hand  ths  pevar     A  pair  of  nat-erackeraisa  donble 

What  is  said  of  the  Meelyard  I  DeserilM  the  figure.    Give  ezamplw 
of  lerera  of  the  Keend  alai^    Deaoribe  fig.  128. 
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lever  of  this  cImb  ;  and  a  door  moTing  ob  iU  luDgoa^  and  a  wheel- 
barrow, are  also  ezamplea; 

In  levers  of  the  third  dasa,  tiie  power  being  nearer  the  fiilcnnn, 
is  always  greater  than  the  weight    On  aoooimt  of  this  mecfaan- 

'  128 ical  diBadmtage,  it  is  used  only  wfaeo 

considerable  Telodtj^  fe  required,  or  the 
^^'    \  resistance  is  smalL     Fig.  128  represents 

such alever,  TT/J  moring  on  a  hhige  as  a 
fhlcram;  it  is  plain  thai  the  power  P, 
moves  through  a  small  arc^  and  the  wei^ 
throu^  a  large  one»  and  ainoe  thcj  are 
described  in  the  same  time,  the  Telocity 
of  the  power  is  less  tiian  that  of  the 
eight 

The  common  fire-tongs,  sagar-tongs,  and  sbeep-shean,  are  double 
levers  of  this  class.    The  most  striking  illnsirations  of  this  class  of 
levers  are  seen  in  the  animal  kingdom.     The  compact  form  and  bean- 
tiful  symmetry  of  animals,  depend  on  the  fact  that  their  limbs  are 
snob  levers.    The  socket  of  the  bone  a,  fig.  124,  is  the  folcmm;  a 

1 24  strong  muscle  attached 

near  the  socket  c  is  the 
power,  and  the  weight 
of  the  limb,  and  whst- 
e  V  er  resistance  W  may 
oppose  ite  motion,  is 
the  weight   The  fore- 
arm and  hand  are  rai- 
eed  thfough  a  space 
of  one    foot,  by    the 
contraction  of  a  mu^ 
de  applied  near  Iho  vll><)w,  luoving  tliroiigh    less  than  JLth  that 
space,    llie  muscle,  therefore,  exerts  12  times  the  force  sir ith  which 
the  hand  moves.    The  muscular  system  is  the  exact  inversion  of 
the  system  of  rigging  a  abip.    Tlie  yards  are  moved  through  small 
spaces  with   great  force,   by  hauling   in  a  great  length  of  rope 
with  small  force ;  but  the  limbs  are  moved   through  great  space* 
with  comparatively  little  force,  by  the  contraction  of  muscles  through 
small  space?  with  very  great  force.     Examples  of  compound  levers 
are  seen  in  the  ordinary  platform  scales.      They  are  constructed 
of  very  various  forms,  but  all  depend  ujton  the  principles  already 

What  is  said  of  levers  of  the  third  cIsm  f  Mention  examples  of  tlie 
third  class  of  levers?  iJescribe  fig.  124.  What  is  raid  of  the 
rigging  of  a  ship  f 


».  Hid  fig.  las  ihowi  ite  intarior  eonitrnetioD.     The  amogeniaDt 


knd  combiDatioo  of  tbe  lavan  ara  inffioiantlj  obviaiu  on  inqMction. 

2G3.  The  iriwal  Mid  azla. — The  common  lever  is  chisfly  em- 
ployed to  nuse  weights  through  amtU  spaces,  by  a  buoowsiod  of 
short  intenniltm^flbrts.  After  the  weigh  t  has  been  numd,  it  must 
be  supported  in  its  new  poaition,  until  the  lerer  can  be  agun  ad- 
justed, to  repcftt  the  action.  The  wheel  and  axle  is  a  modiflctition 
of  the  lei%r,  which  convcla  this  defect ;  and,  since  it  converts 
the  intermittiill;  action  of  the  lever  into  a  continuous  motion,  k 
is  KomotirnGs  called  the  perpetual  lever. 

This  machine  consists  of  a  cylinder  called  the  axle,  turning  on 
a  centre,  and  connected  with  ■  wheel  of  much  greater  diameter. 
The  power  in  applied  to  the  drcumference  of  the  wheel,  and  the 
weight  is  attached  to  a  rope^  wound  around  the  axle  in  a  contrary 

Doacriba  the  weighinj 
the  wheal  and  axlel  ' 
b  the  eapstan  I 


direction.    forte«dofthBwhotowhe«l,th«pow«riB»ybe^qtodto 
137  ktuutdlenkmedavinch, 

or  to  one  or  more  spoko 
inserted  in  tbe  uk. 
When  tbe  ula  u  hcii- 
wwrtal,  the  machiM  n 
ollad  ■  windUaa,  fi( 
IVl;  whaaitisTcrtial, 
itfbnna  Um  c^stan,  fl^ 
IW,  OMd  OB  shipbond, 
dueflf  to  nia»  the  u- 
r.     TIw  bead  of  Ott 


culir,  and  is  pienwd  with  holes,  in  each  of  which  a  Icmr  can  be 
138  placed,  bo  that  many  men  Cftn  work  at  tht 

,   same  tjmo,  ecerting  a  great  Ibree^  aa  is  et 
ten  necessary  is  raising  an  anchor. 
The  law  of  equilibrium  is  the  same  as  in 
e  lover.     Draw  from  the  centre,  or  ful- 
crum c,  fig.  129,  the  straight  lines  c  b  aod 
e  a,  or  e  a',  to  the  points  on  which  the 
^  weight  and  power  act ;  a  eb,  or  a'  e  i.'a 
evideutlj  alover  of  the  flratdaao,  in  which 
9  the  radius  of  the  axle,  and  e  a,  or  e  a',  th* 
long   arm,   is   the   radius   of  tbe 
wheel     Hence, 

PX  a«=  WX  eft 


the  short 


P:  ir::_«6:»e 

The  wheel  ani)  axle  is  in  eqni- 
libriuro,   when   tbe  power   is  to 
tlie  weight  as  the  radiiis  of  the 
sxle  is  tt)  the  miliiiK  of  the  whcvl. 

In  one  revolution  of  the  machine,  the  pciwer  descends  throa|^ 
a  space  ei|iial  to  the  circumference  of  the  wheel,  ant!  the  weight  is 
raiKcd  through  a  spuce  equal  to  the  circi)i(ifun.'nce  of  the  axle; 
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heoce  the  power  lad  weight  are  imenely  ■&  their  velodtiee,  or 
the  spaces  they  describe. 

208.  drains  of  irtw«l-work. — The  efficiency  of  this  machine 
ie  augmented  by  diminishing  the  thickness  of  the  axle,  or  by  in- 
creasing the  diameter  of  the  wheeL  But  if  a  veiy  great  power 
Es  required,  either  the  axle  would  become  too  unall  to  sustAin  the 
weight,  or  the  wheel  must  be  made  incoaveniently  large.  In 
this  case  a  combination  of  wheels  Mid  axles  may  be  employed. 
Such  a  system  corresponds  to  the  compouiid  lever,  and  has  the 
same  law  of  eqoilibrium.  The  power  being  applied  to  the  flnt 
wheel,  tnuismite  its  eflbct  to  Uie  first  axle;  this  acts  on  the  second 
wheel,  which  transfers  the  effect  (o  the  second  axle,  ftc.,  until 
the  fbrca,  transmitted  through  the  series  in  this  order,  arriTes  at 
the  last  axle,  where  it  encounters  the  resistaooe.  In  equilibrium, 
the  power  multiplied  into  the  continued  product  of  the  radii  of 
all  the  wheels,  is  equal  to  the  weight  multiplied  into  the  continued 
product  of  all  the  ailee. 

Trains  of  wheel-work  are  connected  by  an  endless  band,  or 
by  cogs  raised  on  the  surbces  of  the  wheels  and  axles.  Cogs  on 
the  wheel  are  called  teeth,  and  those  on  the  axle  are  called  leaves ; 
the  axle  itself  ia  named  a  pinion.  The  number  of  teeth  on  the 
wheels  and  leaves  on  the  pinions,  is  proportional  to  their  circum- 
ferences, and  also  to  their  radiL  Hence,  the  number  of  teeth 
and  leaves  is  substituted  for  the  rmdii  of  the  wheels  and  axles,  and 
the  law  of  equilibrium  is  stated  as  follows.  The  power  multiplied 
into  the  product  of  the  number  of  teeth  of  all  the  wheels,  is  equal 
to  the  weight  multiplied  into  the  product  of  the  number  of  leaves 
in  all  the  pinions: 

304.  Analysis  of  a  bala  of  whselwotk — A  system  of  wheels 
is  represented  in  fig.  130.  If  the  number  of  leaves  in  b,  the 
pinion  of  the  first  wheel,  is  one-sixth  of  the  number  of  teeth  on 
the  second  wheel,  e,  the  wheel  will  be  turned  once  by  every  six 
turns  of  the  pinion.  Let  the  second  pinion,  e,  have  the  same  re- 
lation to  the  third  wheel, /;  then  the  first  wheel  will  revolve 
3S  times  white  the  third  revolves  once ;  and  the  radius  of  a,  the 
wheel  to  which  the  power  is  applied,  being  8  times  the  radius  of 


What  b  said  of  trains  ol 
work  eonneetMll  What  are  teeth,  leaves,  pinioest  How  ittfaelsw 
of  eqnilibrinroitstedt  104.  Givethe  analynsofUietr^nof  whM^ 
work  repTMenled  in  the  figan. 


18B  THiORT  or  MAcamuiT. 

d,  the  ftxle  which  BUBtwns  the  wtight,  the  Telodty  of  tiM  ponr 
is  3  X  30  ^  103  times  the  velodty  of  the  wetghc     Or, 

J":  IT::  1:  108 

Combinations  of  wheel-work  m  employed  either  to  ooncoi- 
130  trkte,  ot  to  diffuse  force ;  dlba 

to  set  hoavy  loads  in  motioobf 
meaiiB  of  a  small  power,  or  t» 
produce  a  high  velocity  by  ei- 
erting  a  conaiderable  pcnm 
In  the  first  case,  the  powa  a 
applied  to  the  flrat  wheel  of  the 
series,  and  is  transmitted  in 
the  order  already  described. 
In  the  second  instance,  thit  v- 
rangement  must  be  remsed; 
the  power  must  exert  itself  od 
the  first  pinion,  in  order  to  pro- 
duce rapid  revolution  or  tbe 
last  wheel.  The  crane  for 
hoisting  goods,  is  an  eiimplf 
of  the  first  kind ;  the  walch  ti 
an  instance  of  the  second. 

•2H5.  The  pulley. — Fixed  pulley. — The  usual  form  of  thii 
nincliiiic  is  n  small  wlieel,  turning  on  its  a»is,  and  haiiog  » 
1S1  groove  on  its  edge,  toadmit  a  fiexiblc  rope 

f  or  chain.  In  the  simple  fixed  pulley,  fig- 
i'M.  there  i3  no  mechanical  advantage,  ti - 
cc])t  that  which  may  nrixe  from  changing 
the  direction  of  the  power.  IVhateier 
force  is  exerted  at  P.  is  transmitted,  with- 
out increase  or  diminution,  to  the  resist- 
ance at  llie  other  end  of  the  cord.  From 
the  axis  (',  draw  C a  and  Cb,  radii  of  the 
wheel,  at  right  angles  to  the  direction  of 
the  forces;  n  Cli  represents  a  Icrerof  the 
lirst  class,  ivitheciuul  urnis ;  hence,  in  cqui- 
lilirimii,  the  powi-r  iiud  weight  iiiiust  Iw 
eijual,  ami  Ihcy  deserilio  equal  t^paccik 

GiTC  M- 
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206.  HonUa  peiO»j. — When  the  block  or  frame  is  not  fixed, 
the  puUej  is  said  to  be  morable.     The  132 

weight  is  suspended  from  the  axis  of  the^ 
movable  pulley,  and  the  cord  is  fastened 
at  one  end,  and  passing  over  a  fixed  pul- 
ley, is  acted  on  bj  the  power  at  the  other. 
In  this  arrangement,  flg.  182,  it  is  plain 
that  the  weight  is  supported  equally  by 
the  power  and  the  beam  at  H.  For  the 
pulley  ads  as  a  lerer  of  the  second  class, 
whose  arms  are  to  each  other  as  1  :  8 ;  the 
ftilcrum  is  at  6,  6  e  is  the  leverage  of  the 
.  weight,  and  b  a  the  leverage  of  the  power. 
The  diameter  ba'ia  twice  the  radius  b  e, 
therefore  equiUbrium  will  obtain  when 
the  power  is  equal  to  one-half  of  the 
wei^t:  i  «. — 

P:  W::ie.ia 


0> 


P—  IL 
~   t. 
To  raise  the  weight  one  foot,  SMfa  side  of  the  oord  must  be  short- 
ened one  fbot,  and  the  power,  consequently,  passes  over  two  feet 
The  space  traversed  by  the  power,  is  twice  the  space  described 
by  the  weight 

907.  OoaqMrnnd  pnll«7s. — Sometimee  compound  puUeys  are 
used,  each  consisting  of  a  block  which  contains  two  or  more 
single  puUeys,  generally  placed  side  by  side,  in  separate  mortices 
of  the  block.  Such  an  arrangement  is  shown  in  fig.  183.  The 
weight  is  attached  to  the  movable  block,  and  the  fixed  one  serves 
only  to  (^ve  the  power  the  required  direction.  The  weight  is 
divided  aqnally  among  the  pulleys  of  the  movable  block ;  and  as 
we  have  seen  that  the  power  required  to  sustain  a  given  weight 


What  u  laid  of  the  sm^le  fired  pulley  I  When  ii  the  palley  la 
eqoilibriuint  804.  What u  a  movable  pulley  I  What  ii  theKaneral 
arranitemintf    When  will  Uwra  b«  •qnilibriumt     Whatis  the^ia- 
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isdiminuhedoiw-ludfbr  adni^morabbpnllaj,  itMhnn,tbil 
188       in  such  a  sjiUm  aqinUbrinm  will  ofaUn,  when  tht 
power  ta  iM]iial  to  the  mi^t  dhidad  1^  twin  tbi 
nvuDber  of  monblo  pnlliija. 


Or 


P:W::l:in 


In  this  BTBtam,  u  in  the  ^  i^  morable  poller,  ^ 
I  QMce  through  which  the  niJ^tiar^aad,  is  HmiKfc 
V  less  then  the  space  through  which  the  poww  de- 
j  Bcendt,  as  the  wei^t  is  greater  Uun  the  powv. 

P:  W::  velooity  of  wai^t :  Teloolty  of  poww. 
If  the  power  is  pulled  through  i  lee^  flg.  ISS,  MCh 
diviaioD  of  the  cord  in  which  the  morable  block 
hangs,  irill  be  shortened  one  foot,  and  the  weigfat 
raised  one  foot 

Another  Ej-stem  of  pullcjs  U  represented  in  ^■ 

184  13-1.     In  this  arrangement,  each  pnlUj 

hangs  by  a  separate  cord,  one  end  of  irhieb 

attached  to  a  fixed  support,  and  the 

other  to  the  adjacent  pulley.     The  cflict 

of  the  power  is  rapidly  augnwoted.  bemg 

doubled  bj  each  movable  pulley  added  to 

the  system.    The  numbcra  placed  nm 

le  cords,  show  what  part  of  the  wd^ 

sustained  by  each,  and  by  each  pulley. 

Kuch  a  ByHtcm,  howerer,  is  of  little  pne- 

tical  use,  on  account  of  its  limited  langc. 

In  tho  common  block  system,  fig.  188,  the 

motion  may  continue  until  the  morafale 

block  touches  the  fixed  one;  but  in  thi^ 

only  till  Dtni  E  come  together,  at  whiek 

time  A  will  have  been  raised  only  Jth  «f 

tluit  distance. 

81)8.  The  Inclined  plan*^ — Thismechan- 


I>Mcrib«  the  figure.  When  vill  ei|iii1ibriuin  obtain  t  What  ■■  the 
relation  betweeo  llic  apacca  travennl  by  the  power  aod  the  weightl 
DcMTibefig.  IM.     What  ofthci  prnMiesl  Talue  of  tneh  a  lyttemt 
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lal  powar  Is  CM11111011I7  used,  whenerer  hMTy  loads,  eapraftlly 
such  u  nmy  be  rolled,  are  to  be  raised  a  moderate  height  In 
tbis  wajr  casks  are  moved  in  and  out  of  cellars,  and  loaded  upon 
carts.  The  comiDon  ii%j  is  itself  an  inclined  plane.  Suppose  a 
cask  weighing  GOO  Ibe.  is  to  be  raised  4  feet  b;  means  ofapluik 
12  feet  long;  it  is  plain,  that  while  the  cask  ascends  only  four 
feet,  the  power  must  exert  itself  through  IS  feet,  and  hence, 
IS  :  4  : :  600  :  IWt,  the  fbrce  oeceasaiy  to  roll  the  cask. 

In  mechanics,  the  inclined  plane  is  a  hard,  smooth  surface,  in- 
dined  obtiquely  to  the  reeielanc«.  The  loigth  of  the  plane  is 
A  C  %  18S,  .^5it8hei^t,and££7itaba8e.  The  power  may 
beapi^ed, 

a — In  a  direction  parallel  to  the  length ; 

h — Or  parallel  to  the  base ; 

c — Or  in  any  other  direction. 

lu  each  case,  the  condition  of  equilibrium  may  be  derived  ttom 
the  equilibrium  of  the  lever. 

209.  AppUoatlan  of  tha  power  parallel  to  the  length  of  tha 
lacUnMl  pUna^When  a  body  is  1S6 

placed  upon  an  inclined  plane,  fig. 
ISB,  its  weight,  which  is  the  re- 
eisUnce  to  be  overcome,  acts  in  . 
the  direction  of  the  force  of  grav- 
ity, la  the  perpendicular  line  o  W. 
Let  the  power  act  in  the  direction 
a  P,  parallel  to  a  G;  then  from 
e,  the  point  whero  the  body  touch-  ^ 
es  the  planes,  draw  e  h  and  t  a,  perpendicular  to  the  directions 
of  the  weight  and  power;  a  c  (  is  a  bent  lever,  having  its  ful- 
crum at  e,  and  therefore. 


P:W:: 


■.ah 


and  since  the  triangleB  ab  e  and  A  B  C,vn  similar, 
P:  W::AB:AO, 


If  the  direction  of  the  power  Is  parallel  to  the  inclined  plana, 
equilibrium  will  obtain,  whMi  the  power  is  to  the  weight,  as  the 


ablookayrtamt     loa  What  iiuidof 
the  exanpl*  of  the  ea*k.    What  is  the 


«». 


14S 

height  of  the  plane  is  to  its  kngUL  White  the  wc^i^t  is  rustc 
through  a  space  equal  to  the  Tcrtieal  hei^kt  of  the  plane.  ^ 
power  must  more  through  a  space  equal  to  its  i»*ig»h  If  the 
length  of  a  plane  is  10  feet,  and  its  hei^^  2  feet,  P  most  move 
10  feet,  while  W  is  raised  2  feet ;  henee  the  power  and  weigte 
are  inversely  as  their  velodtaes. 

210.  AppUoatloii  of  the  power  panDsl  to  tho  bMO  of  thefa- 
cUnad  plana. — ^In  the  second  case^  let  the  power  act  in  the  £- 
136  rection  a  P,  fig.  136,  parallel  to 

B  C,  the  hase  of  the  plane ;  aod 

draw,  as  hefore,  the  lines  ft  a  sad 

3P^        I  A  \  he:  then  ah  e  is  a  bent  Ief«r. 

having  its  fUGrum  at  ft,  and  cqid- 
librium  will  take  fdaee  when 

P:  W\i  beiab 


dthe  trianglea  a  ft  «  aad^  ^C 


being  similar, 


Or 


P\  Wi'.ABiBC 


F  =  W  X 


AB 
B  C 


If  the  direction  of  the  power  is  parallel  to  the  hase  of  the  plsne, 
equilibrium  will  obtain,  when  the  power  is  to  the  weight,  as  the 
height  of  the  plancc  is  to  its  base. 

In  this  casCf  the  space  described  by  the  power,  is  to  the  space 
described  by  the  weight,  as  the  base  of  the  plane  is  to  its  height 

21 1.  Application  of  the  power  in  some  diraotloii  not  r*^""*' 
to  any  side  of  the  plane. — Lastly,  let  the  power  act  in  some  di- 
rection not  parallel  to  any  side  of  the  plane ;  for  example :  in  tlie 
direction  a  P,  fig.  1:37,  draw  the  lines  h  e  and  ft  a, 
to  the  directions  of  the  two  forces  ;  then,  as  before, 

P :  W:  :bc:ab 


What  is  said  of  the  direotions  in  which  the  power  may  he  ap- 
plied? 20U.  What  is  the  relation  when  the  powet  b  applied  par- 
allel to  the  length  of  the  inclined  plane  T  When  will  eqailibnam 
obtain  f  What  is  said  of  the  power  and  the  weight  in  relation  to 
their  Telocities  ?  2lo.  What  is  the  relation  when  the  power  is  ap 
plied  parallel  to  the  base  of  the  inclined  planet  When  will  eqaiu- 
brinm  obtain  f     What  is  Uie  relation  betwen  the  i 


the  weight  and  the  power  t 


■paces  deaeribed  ^ 
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«  not  elmikr,  tha  pro- 


B  d  A 


Bnt  u  th«  trUnglcB  a  ft  e  and  ^  £  £7,  « 
portion  between  the  arms  of  the 
lever  caniiot  be  expressed  hy 
the  aides  of  the  plane. 

S13.  Bfiwit  of  tb>  power  ap-   x 
pUwL— It  follows  from  what  has     ~ 
been  said,  that  the  effect  of  a  ~ 
giren  power  is  greater,  u  the 

height  of  the  pUme  is  diminished     

or  its  length  increased ;  and  that  B 
the  effect  is  greatest  when  its  direction  is  parallel  to  the  length 
of  the  piano,  for,  if  the  power  acta  in  any  other  direction,  a  part 
of  its  force  is  expended,  either  in  increasing  the  pressure  of  the 
body  on  the  plane,  or  in  lifting  the  weight  directly. 

213.  The  wedga.~-InBtead  of  lifting  a  load  by  moving  it  along 
an  inclined  plane,  the  same  result  may  be  obtained  by  ntoring 
the  plane  under  the  load.    When  used  in  this  18S 

manner,  the  inclined  plane  is  called  aw' 
is  customary,  however,  to  join  two  planes  base  to 
bam.     In  fig.  188,  .<1  £  is  caUed  the  ba<^  of  the  | 
wedge,  .<<{;  and  .ff<7  its  sides,  and  d  Cits  length.  T 
The  power  is  applied  to  the  back  of  the  wedge,  I 
so  as  to  drive  it  between  two  bodies,  and  o*«r- 
como  their  rMstance. 

ancc  may  act  at  right  angles  to  the  length  o 
the  sides  of  the  wedga  In  the  first  case,  it  resombles  an  in< 
dined  plane,  when  the  power  is  parallel  to  the  base ;  and  henco 
the  forces  will  be  in  equilibrium  when  the  power  is  to  the  resist- 
ance as  the  back  of  the  wedge  is  to  its  lengtK  In  the  second 
case,  it  is  similar  to  a  plane  when  the  power  is  parallel  to  the 
length ;  snd  therefore  in  equilibrium,  the  power  is  to  the  resist- 
ance as  the  back  of  the  wedge  to  its  side. 

The  power  is  supposed  to  more  through  a  space  equal  to  the 
length  of  the  wedge,  while  the  resistance  yields  to  the  extent  of 
its  l>readth. 

SIS.  AjipUoatlon  of  the  wadg» — As  a  mechanical  power,  the 

an.  What  is  the  relation  when  the  power  ii  applied  io  Mme  di< 
raetion  not  parallel  to  any  «de  of  the  plane  I  ais.  Wliat  i*  >aid  of 
the  effect  of  the  power  applied  I  818.  What  i*  eaid  of  the  wedve  1 
What  i«  ite  eommoD  form  r  l>«w)ribe  fig.  isa  SI4.  What  ii  laid  of 
IIm  rwietaoM  to  be  avareume  t  What  of  the  movement  of  the 
p*war  and  the  neietaaoe  I 
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wedge  18  used  only  where  great  force  is  to  be  exerted  in  a  limited 
space.  In  oil-mills,  the  seeds  from  which  Tegetable  oils  ara  ob- 
tained are  crushed  and  compressed  with  enormous  force  by  means 
of  a  wedge.  It  is  everywhere  employed  to  split  msrawB  of  stone  and 
timber.  The  edges  of  all  cutting  tools,  as  sawa^  kniTes,  chisels. 
razors,  shears,  Ac,  and  the  points  of  piercing  instruments,  as  awh, 
nails,  pins,  needles,  Ac.,  are  modified  wedges.  Chisels  intended 
to  cut  wood,  have  their  edge  at  an  angle  of  about  80® ;  lor  euttiiig 
iron,  from  60^  to  60^ ;  and  for  brass,  about  80®  to  90®.  The 
softer  or  more  yielding  the 'substance  to  be  divided  is,  the  more 
acute  the  wedge  may  be  constructed.  In  general,  tools  whidi  aiv 
urged  by  pressure,  admit  of  being  sharper  than  those  which  ate 
driven  by  a  blow. 

The  theory  of  the  wedge  gives  but  very  little  aid  in  estimating 
its  effects,  as  it  takes  no  account  of  friction,  which  so  largdj 
modifies  the  results,  and  the  proportion  between  a  pressure  and 
a  blow  cannot  be  defined. 
216.  The  screw. — ^This  machine  has  the  same  relation  to  the 
139  ordinary  inclined  plane,  as  a  spiral  staircase 

to  a  straight  ona  This  relation  is  shown  in 
fig.  139.  By  means  of  the  corresponding  let- 
ters and  dotted  lines,  in  fig.  140,  the  posidon 
of  the  different  parts  of  an  indined  plane 
upon  a  screw,  may  be  distinctly  seen.  Let 
an  inclined  plane  be  wound  around  a  cylinder, 
fig.  139,  the  length  of  the  plane  will  Ibnn  the 
spiral  line,  called  the  thread  of  the  screw. 
The  distance  between  the  threads  is  tfie 
height  of  corresponding  parts  of  the  plane.  The  thread  pnjects 
from  the  Kiirfiicc  of  tlic  cylinder,  and  is  designed  to  fit  into  a  boUow 

140 


spiral,  cut  in  the  interior  of  a  block  called  the  nut ;  a  lever  is  abo 


21ft.  Mention  applications  of  the  wed^e.  "Wliat  is  said  of  euttiag 
tools  anil  inercinir  instruments  t  Give  the  angle  of  inclination  of  the 
edfces  of  ciiisels  for  cutting  wood,  iron,  and  brass.  What  is  said  of 
the  (tffeots  of  the  wed^e  and  theory  f    216.  What  is  said  of  the  screw  I 
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fixed  in  the  heftd  of  the  cylinder  to  which  the  power  is  applied, 
fig.  141.     The  combining  of  these  puts  141 

fonna  the  mechuiicd  power  which  hM 
received  the  oime  of  the  screw. 

In  working  the  screw,  the  resistance 
acts  on  the  inclined  face  of  tho  thread, 
and  the  power  parallel  to  the  base  of 
the  screw.  This  correipcHidB  to  the 
case  in  which  the  directioafffthe  power 
b  paimllel  to  the  base  of  the  inclinod 
plane.  Equilibrium  will,  OtorefoN^  take 
place  when  the  power  is  to  the  resist- 
ance as  the  distance  bctweeD  the  threads 
of  the  Gcrcw  is  to  the  circumfenjnco 
described  hy  tho  power. 

J>:  IT::  A:ar> 


A  bdng  the  distance  between  the  threads,  and  r  the  radius  of  the 

During  each  revolution,  the  power  describes  a  circle,  whoso 
circumference  depends  on  tho  length  of  tho  lever,  but  the  end  of 
the  screw  advances  only  the  distance  between  two  threads; 
thus  In  this,  as  In  all  cases  of  the  use  of  m&chinca,  what  is  gained 
in  power,  is  lost  in  velocity. 

817.  HaehaBloal  ifflolaaoy  of  the  Mmr^— The  mechanical 
etSciency  of  the  screw  is  augmented,  either  by  increasing  the 
length  of  the  lever,  or  by  lessening  the  distance  between  the 
threads.  If  tho  threads  of  a  screw  are  i  of  an  inch  Kptrt,  and 
the  power  describes  a  circle  of  S  feet,  (120  half-inches,)  circum- 
ference, a  power  of  1  lb.  will  balance  a  resistance  of  120  lbs ;  if 
the  threads  are  i  inch  apart,  1  lb.  will  balance  340  lbs.,  the  effi- 
cient being  doubled. 


Sia.  AffhoMem  of  tha  • 


Hew  ia  the  nraw  moved  t  Whwa  doM  the  reairianee  art  t  To  what 
d««i  this  corretDond  in  tha  inclined  plana  1  Whin  will  equili- 
briem  take  placet  What  ii  said  of  tha  power  and  th>  Hraw  during 
each  nvolutiont  SIT.  lluw  ii  the  meehanical  effieienay  of  tha  nraw 
._i  1    q;,^  ,„  aaampla. 
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prcflBures  through  small  sp«eM»  H  reedret  immeroiis  ftppUcfttion  in 
presses  of  all  kinds,  as  in  eztraeiiiig  liqnida  and  jaicea  fh>m  solid 
bodies  and  in  compressing  soft  and  light  sabatanceay  as  cotton  and  hay. 
into  a  conyenient  balk  for  traasportatioD. 


Impedimentt  to  Motion, 

219.  FaMdvw  rarirtanoea^— Beridw  thoM  leBistaiicea  which  a 
machine  is  designed  to  oreroome,  there  are  certain  others  which 
arise  during  the  movement  of  the  machine,  and  oppoae  its  nscfiil 
action  by  destroying  more  or  less  of  the  moving  power.  These 
forces  are  designated  by  the  general  name  of  pamize  rar&taac«^ 
or  impediments  to  motion. 

Several  kinds  are  distinguished: 

1  st — ^When  we  attempt  to  cause  one  body  to  slide  over  another, 
a  resistance  is  experienced,  so  that  it  is  necessary  to  use  a  certain 
degree  of  force  to  commence  the  sliding,  and  also  to  continue  the 
motion  after  it  has  been  begun.  This  is  the  resistance  called 
sliding  friction^  or  simply  friction. 

2d. — When  a  cylindrical  body  is  rolled  on  a  plane  sur&cv,  the 
movement  is  opposed  by  a  force  called  the  rolling  Jri^tion.  It 
is  seen,  for  example,  in  the  rolling  of  carriage  wheels  on  the 
ground. 

Sd. — The  ropes  and  chains  which  enter  into  the  composition  of 
some  machines,  are  supposed,  in  theory,  to  be  perfectly  flexible, 
but  as  they  are  not  so,  a  considerable  loss  of  power  is  caosed  by 
their  stiffiiess,  or  imperfect Jloinbility, 

4th. — Tlie  movements  of  all  machines  take  place  either  in  air  or 
water,  and  the  particles  of  these  fluids  which  come  in  contact  with 
the  machine,  arc  continually  sot  in  motion,  which  can  only  happen 
at  the  expense  of  the  moving  power.  This  is  called  the  r»i9t' 
ance  qffluide, 

220.  Sliding  friction.— If  the  surfaces  of  bodies  were  perftctiy 
hard  and  smooth,  they  would  slide  upon  each  other  without  any 
resistance.  But  the  most  highly  polished  surfaces  are,  really,  (as 
they  appear  under  the  microscope,)  full  of  minute  pngections 
and  cavities,  which  fit  in  each  other  when  two  surfiusea  are 
brought  into  contact    The  force  required  to  overcome  the  roagfa- 


218.  Mention  applications  of  the  screw.  210.  What  is  said  of 
paasive  resistances  ?  What  other  name  is  given  to  them  I  MentioB 
the  different  kinds  of  pAssive  resistances. 
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tieas  m&d  consequent  tdheaion  of  sur&ces,  is  the  meaeore  of  ftic- 
tion.  Thie  wd^t,  divided  by  the  weight  of  the  bod^,  forms  a 
fraction  which  is  called  the  co-efflcient  of  the  friction. 

S21.  Staitliig&lotlont  Motion  daring  motion. — The  amount 
of  force  iiecesB«r7  to  commence  the  motion  of  two  bodies,  eliding 
on  each  other,  is,  in  moat  cases,  greater  than  the  force  required  to 
continue  the  movement  uniformlj,  after  it  has  been  begun ;  hence 
this  resistance  is  distinguished  into  two  kinds,  starting  fHctioo, 
and  friction  during  motion.  They  are  also  called  statical  and  dy- 
DMOical  friction ;  and  Whewell  proposes  to  name  the  former  ttrK- 
tion,  reserving  tho  word  friction  for  the  latter.  However  named, 
the  laws  of  each  ou  be  determined  only  by  ezperimenL 

239.  OonlamVs  qtpaiatns  far  detennlnliv  starting  fclotian. — 
Different  observers  are  by  no  means  agreed  in  respect  to  all  the  laws 
of  friction  ;  we  Bhall  here  follow  the  results  obtained  in  1781,  by 
the  celebrated  French  philosopher  and  mathematicittn,  Coulomb. 
In  1831,  Horin,  by  command  of  the  French  government,  repeated 
and  enlarged  the  experiments  of  Coulomb,  usually  verifying  his 
general  conclusions.  The  principal  apparatus  used  by  Coulomb, 
is  represented  in  fig.  142.  It  consists  of  a  horizontal  table ;  a 
143 


box.  A,  toreceivethe  we^tt  used  to  produce  the  dilFerent  pres- 
sures', a  pan,  D,  on  whidi  were  placed  the  weights  to  drag  the 
box  along  the  table  by  means  of  a  cord  passing  over  a  pulley. 
The  box  was  mounted  in  slides,  of  the  same  substance  on  which  the 
axperiment  was  to  be  made,  and  corresponding  slips  of  the  same, 
or  adifferent  substance,  were  placed  under  the  sliders  on  the  table. 

an,  WbatiiMidofdidingtrictioaT  321.  What  !■  Mudofatartiog 
friatioQSiid  frJotioD  duriog  motioDl  ^That  other  aamei  have  bmn 
propoMd  for  themt  !SS.  What  U  said  of  Coalomb  and  Morial 
Pwaribe  tfaa  apparatiu  Coaleub  cmpleyad. 


148  IMPEDIMEHTS  TO  XOTIOK. 

The  amount  of  the  weight  required  to  be  placed  in  2>,  to  more 
the  box  from  a  state  of  rest,  is  the  measure  of  starting  friction: 
and  the  weight  necessary  to  continue  the  movements  uniformlj, 
is  the  measure  of  friction  during  motion. 

223.  RMulta  of  OonlomVs  ozp«rim«ita. — Without  detailing 
the  cxpcrimentB,  it  will  be  sufficient  to  state  their  general  rviiult& 
embraced  in  the  following  laws. 

Friction  during  movement  is, 

1st — ^Proportional  to  the  pressure  exerted  upon  the  sliding 
sur&ces. 

2d. — Independent  of  the  extent  of  the  surfaces  in  contact 

8d. — Independent  of  the  velocity  of  the  movement 

4th. — Greater  between  surfaces  of  the  same  than  surfaces  •^f 
different  materials. 

6th. — Greatest  between  rough  surfiu:es,  and  is  diminished  by 
polishing,  and  usually  by  the  use  of  suitable  unguents 

Friction  at  starting  is, 

1st. — Proportional  to  pressure. 

2d. — Independent  of  extent  of  surface. 

3d. — Generally  increased  by  polishing  the  surfaces. 

The  friction  at  starting,  and  during  the  movement,  arc  the 
same,  when  the  sliding  surfaces  arc  hard,  like  tiie  mctal<: 
but  if  the  bodies  are  compressible,  like  wood,  the  starting  fricti'in 
is  much  the  greatest.  When  at  least  one  of  the  surfaces  is 
compressible,  the  resistance  is  not  always  the  same^  but  varies 
according  to  the  time  the  surfaces  haye  been  in  contact  If  wood 
sliiles  on  wood,  the  starting  friction  attains  its  greatest  intensity 
in  two  or  three  minutes ;  >mt  if  the  sliding  surfaces  are  wood  and 
metals,  the  greatest  intensity  is  not  reached  for  a  much  longer 
time,  several  hours,  and  sometimes  seyeral  days.  But  after  a 
certain  time  has  elapsed,  the  starting  friction  is  no  longer  aug- 
mented by  lengthening  the  time  of  contact 

It  appears  strange  at  first,  and  contrary  to  our  previous  ideas, 
that  the  friction  at  starting,  and  during  movement,  should  not  be 
increased  by  enlarging  the  surfaces  in  contact,  and  tiee  termk 
The  explanation  is  this.  Friction  is  proportional  to  pressure ; 
if,  therefore,  two  bodies  have  the  same  weight,  and  one  has  twice 


223.  Give  the  rcsulls  of  Ooiiloinb'fl  exporiinonU  of  friction  daring 
movement  Of  friotioii  at  etartiiig.  What  in  said  of  the  friotiont 
when  tbe  sliding  giirl'acvi*  are  alike  t  What  when  one  surface  ia  com- 
pressible f  What  wheu  wood  HJides  upon  wood  {  When  wood  and 
metaU  form  the  slidini?  surfaces  ? 


the  Boiftm  cf  the  other,  the  weight,  bdng  eqoilljr  distributed  on 
each  sur&ce,  will  be  twice  u  grcAt  dd  each  point  of  the  Burftce 
of  the  first  body,  u  on  each  point  of  the  second,  uid  come- 
quentlf,  the  friction  attach  point  of  the  flnt,  ts  twice  the  friction 
at  each  point  of  tha  aacond,  and  the  whole  friction  mutt  be  the 
same  for  eacb  bodf .  lliis  law,  however,  does  not  bold  good  in 
extreme  cascK 

With  the  HUM  pressure,  the  friction  varies  ezceedinjjiy,  ac- 
cording to  the  nature  of  the  surftces  In  contact  The  fbllowing 
table  shows  the  ratio  of  friction  in  several  cases,  the  pressure 
bdnglOO. 


SarfMM  ia  eoaUet. 

KMtonflHcdiialainwn.  | 

Wooa  npon  wo«d, 

■■        ^      "withooetingoTjoap. 
"     "       "    oftallow, 

"       "mrtaU, 

-      "witliaoatiDgortallow, 
Leather  bMdiOQ  wood 

o-so 

O-M 

0-ie 

O-SO 
0-18 
0-M 
0-87 
0-18 
0-lB 

0-14 
0-07 
0-48 
0-OS 

o-u 

0-8S 
018 

tyVt 

SS4.  KoIUbi  Melian— The  reststanee  exportenced  in  rolling  a 
cylinder  along  a  plane  surlkce,  is  distinct  in  character  from  the 
friction  produced  in  diding  the  cylinder,  and  very  much  less  in 
amount  In  wood  rolling  on  wood,  the  proportion  of  resistance 
to  pressure  i>  from  16,  or  S,  to  1000,  while  the  diding  friction  in 
the  same  case,  would  be  ss  6  to  10,  or  38  to  100,  aocording  to  the 
kind  of  sliding  fHction.  "Hie  resistance  of  roiling  friction  arises 
fttHu  a  alight  change  of  fonn  produced  in  the  body,  and  the  mtr- 
&ce  on  which  it  moves,  and  corresponding  to  the  amount  of 
pressure.  The  cylinder  is  flattened,  and  the  plane  depressed,  so 
that  the  moring  fbrce  is  exerted,  in  continually  moring  the  body 
up  a  very  minute  inclined  plane^ 

StS.  OooleaUi  apparatus  for  datanaUiv  loOlag  fcletlam. — 
This  qtparatus  employed  by  Coulomb,  consisted  of  two  bars. 

What  it  said  of  tiie  Bmonnt  of  friotioo  when  the  mrfsCM  io  con- 
tart  are  eniarsed )  Uentioa  the  ratio  of  friclioo  tJi  preoure  at 
•Uiting  and  daring  ntution  of  wooi  upon  wood,  with  cobIiiik  of 
•oafi  and  tallow.  Of  wood  npoa  metaU,  &<l  lit.  What  ia  aud  of 
roliing  hietioD  I  What  ia  the  relatioe  of  naiaUnee  to  praaaare  ia 
wood  rolling  on  wood  T    From  what  do«a  rolling  fi'JatioD  arise  t 
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horiiontal  and  parallel,  with  a  Bpace  between  them,  fig.  143. 
cylinder  of  the  euae,  or  a  different  143 

substMice,  wu  pl&c«dtraiisTerBel7 
across  the  bars,  and  loaded  with 
any  required  pressure  by  hanging 
strings  upon  it,  caiiTing  eqnalB 
weights  at  their  estremitiea.  An- A 
other  string  wound  sevenl  times 
around  the  middle  of  the  cylinder, 
carried  a  pan  e,  to  receive  the 
weight  necessary  to  produce  mo- 
tion. It  is  evident  that  this  weight 
acted  always  at  the  exb«mity  of 
the  radius  of  the  ^lioder  as  a 

320.  Reantti  of  OoolomVa  ax- 
pei:lmenta.~Fro[n  the  experiments 
were  derived  the  following  lawsr 

The  friction  of  rolling  bodies  is, 

1st. — Proportional  to  pressure. 

2d. — Independent  of  velocity,  of  the  diameter  of  the  cylinder 
and  of  the  extent  of  the  surfaces  in  contacL 

3d. — Greater  when  the  substances  are  the  Bame  than  when 
they  are  different 

4th. — Kot  diminished  by  coatings  of  greaee,  but  is  kSbctad  by 
the  polish  of  the  surfaces. 

If  the  force  which  produces  the  movement,  instead  of  bang 
applied  always  at  the  same  arm  of  the  lever,  flg.  143,  were  ap- 
plied horizontally  at  the  centre  of  the  cylinder,  or  at  the  uH>er 
extremity  of  its  vertical  diameter,  it  would  be  inversely  prt^Nir- 
tional  to  ^c  diameter. 

The  friction  of  the  axle  of  a  wheel,  whether  the  axle  ftaclf 
tumH,  or  the  wheel  on  the  axle,  is  different  from  roUiog  friction. 
It  is  somewhat  less  than  Ktiding  friction,  but  obeys  the  aame 
laws.  1'hc  friction  of  axles  may  bo  reduced  one-half  or  OBe- 
quartur  its  original  amount  by  the  use  of  proper  unguents. 

227.  Mr.  Babbage'a  expeiiment. — Mr.  Itabbagc  cites  an  id- 


S2.1.  Di'writm  CviiIuiiiliV  a,|)|>arHtiii  For  ilelerminiug  rulling  fri»- 
tion.  SStt.  Oirvlhari'MilU  <>K'<mluiiib>eil>eriinent&,  Wliat  would 
be  the  TCiult  if  tlii>  iHiwer  were  applied  Iioriii>ii tally  at  the  ccDtra 
of  tlie  eyliiidur  I     what  iimaid  nf  friction  at  Ilia  axle  of  a  wheel  I 
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Btructire  experiment  to  iUustnto  the  decrease  of  friction.  A 
block  of  fltono  weighing  1080  Iba.  wis  drawn  on  the  Burfitcc  of 
*  rock  by  «  force  of  768  lbs. ;  placed  on  a  wooden  sledge,  it 
was  drawn  on  a  wooden  floor  bj  a  force  of  309  lbs. ;  when  both 
wooden  sur&ces  were  greased,  183  lbs.  was  sufficient ;  and  when 
tlio  block  was  mounted  on  wooden  roUera  of  three  inches  diam- 
eter, a  force  of  only  98  lbs.  was  required  (o  move  it. 

228.  Advantages d«lvadfroai&i[]tfoii.—Theadvantago8arising 
from  Motion  are  inHnitely  greater  than  the  loss  of  power  which 
it  occasions.  Without  this  property  of  matter,  it  would  be 
equally  impossible  to  make  or  use  machines,  fbr  nothing  could 
be  nailed,  or  screwed,  or  tied  together,  or  grasped  securely  in 
the  band.  From  tlie  difficulty  of  walking  on  very  smooth  ico^ 
we  may  infer  bow  useless  would  be  the  effort  to  move,  if  our 
feet  met  no  resistance  whatever. 

S29.  Rigidity  of  ropoa. — When  ropes  are  used  to  transmit  force, 
their  stifincsa  occasions  a  considerable  loss  of  power,  amounting, 
in  gome  combinations  of  pulleys,  to  two- thirds  of  tbc  whole  power. 
The  amount  of  the  loss  from  this  cause  is  modi&ed  by  many  ex- 
ternal circumstances,  such  aa  the  dampness  of  the  cordage,  its 
quality,  and  the  manner  in  which  it  is  made.  In  general,  the  re- 
sistance of  ropes  is, 

IhL — Proportional  to  the  tension  to  which  they  are  subjected. 

SiL — It  increases  with  the  thickness,  and  is  greatest  in  those 
tliat  have  been  strongly  twisted. 

3d.^It  is  inversely  proportional  to  the  diameter  of  the  wheel 
or  cylinder  around  which  the  ropes  are  bent. 

^Vlien  a  rope  is  wound  more  than  oncu  round  a  cylinder,  the 
ruiislaricc  increases  in  a  geometrical  ratia  A  wet  hemp  rope, 
wound  around  a  cylinder  of  oak  by  a  power  of  1  cwt,  will  sustain 
with  1,  2,  and  8  coils  respectively,  a  force  of  8  cwL,  8)  tons,  and 
set  tons. 

230.  RailitaiioM  at  flnlda. — Tho  resistance  which  a  moving 
body  moots  in  air  and  water,  is  an  effect  of  the  transfer  of  moUon 
from  the  solid  to  the  particles  of  the  fluid.  For  the  moving  body 
must  constantly  displace  a  part  of  the  fluid  equal  to  its  own  bulk, 
and  the  motion  thus  communicated,  is  so  much  loss  of  the  motive 


227.  Uenliuu  Mr.  Uabbuffa'a  eiperim«nt.  2ii.  Mantioa  tome  of 
the  advaiitaKes  ariiiiig  frou  frioiioo.  Sjtf.  What  ii  aaid  uf  the 
rigUliiy  of  nipett  Wliat  are  the  lawi  (ur  tlie  ruiitanua  of  rupee  t 
What  II  tlie'rviiUnce  whaa  a  rope  ii  wound  more  tliau  one«  iiruuad 
a  eyliudar  f 
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power.  When  other  drcoiiBtnioeB  ve  the  nank^  iht  densor  tbe 
medium,  the  greater  will  be  the  resistanoe  which  it  oflerB.  Nev- 
ton  demonstrated,  that  if  a  apberical  body  moves  in  a  medimnic 
rest,  and  whose  density  is  the  same  as  its  own,  it  win  Iok 
half  of  its  motion  before  it  has  described  a  space  equal  to  tviee 
its  diameter.  The  resistance  encoontered  by  a  body  moving  in 
water,  is  800  times  greater  than  if  it  were  moving  with  the  mm 
Telocity  in  air;  §ar  water,  being  800  times  more  dense  tiiaa  tt, 
the  body^  must  displace,  aild  communicate  its  own  motion,  to  600 
times  as  much  matter  fai  the  same  time. 

The  resistance  also  depends  upon  the  extent  and  fttm  ef  the 
surfiuse  which  is  directiy  opposed  to  tiie  xesistanoei  £  a,  aC  li^ 
angles  to  the  direction  of  the  motion.  A  body  with  a  poikite^ 
wedge-shaped,  or  curved  surfrce^  is  less  opposed  than  one  whose 
surface  is  flat  and  broad. 

The  resistance  increases  as  the  sijoare  of  tile  yelocity ;  tat  if 
the  velocity  is  doubled,  the  loss  of  motion  must  be  qudrupledi 
because  there  is  twice  as  much  fluid  to  be  moved  in  the  same 
time,  and  it  has  also  to  be  moved  twice  as  fast  Again,  let  the 
velocity  be  trebled,  then  the  body  will  meet  three  times  as  minj 
particles  of  the  fluid  in  the  same  time,  and  communicate  three 
times  the  velocity ;  therefore  the  resistance  is  8  x  8  ss  9  ss  S*. 

Bodies  having  the  same  figure  and  density,  overcome  the  re- 
sistance of  fluids  more  easily,  in  proportion  to  their  siae:  In 
cannon-balls,  for  example,  the  extent  of  surfkoe  to  which  the 
rcsistanco  is  proportional,  increases  as  the  square  of  the  diameter, 
while  the  weight  or  power  to  overcome  resistance,  increases  u 
the  cube  of  tlic  diameter.  If  two  balls  have  diameters  in  the 
ratio  of  2  :  8,  the  rcsif;tances  which  they  will  encounter  at  the 
same  velocity  of  projection,  will  be  in  the  ratio  of  4  :  9,  and  their 
moving  force  in  the  ratio  of  8  :  27. 

281.  Actual  and  theoretical  velocitiefc — ^In  consequence  of 
these  impediments  to  motion,  the  actual  movements  of  bodies  are 
materially  different  from  the  theoretical  motions  explained  in  pre- 
vious chapters.    The  motion  of  fidling  bodies  is  very  fiur  fixmi  being 

280.  What  iathe  resistance  which  a  moving  body  meeto  in  air  and 
water  an  effect  of?  What  did  Newton  demonstrate  t  How  much 
greater  resistance  is  offered  to  a  body  moving  in  water  than  ia  air 
with  the  sanae  velocity  ?  llow  docs  the  form  of  a  body  cAect  the 
resistance  f  What  is  the  relation  between  the  density  and  the  velo- 
city ?  Give  an  example.  When  bodies  liave  the  same  fisare  and 
density  but  are  of  different  sizes,  what  is  said  of  the  reaiatanee  of 
fluids  I    Give  the  example  of  the  cannon-balls. 
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unifbnnlf  tccclented,  (g  163,)  nor  do  ftll  bodies  &1I  with  equal  n- 
pidity,  M  theory  roquires,  uid  u  was  Been  to  be  true  in  the  guinea 
andreathercxperimeiit,(S16T.)  The  resiatAnccofthe  air,  wMcbis 
Tery  hiohII  at  first,  rapidly  increases,  and  after  a  certain  time  be- 
comesequftl  to  the  force  of  gravity,  whenthe  body  willno  longer  bo 
accelerated,  but  more  uniformly  through  the  remunder  of  its 
descent.  The  deeoent  of  bodies  on  inclined  planes  and  curros, 
deviates  still  more  from  unilbnnly  accelerated  motion,  sinoe  the 
effect  of  friction  is  added  to  the  resistance  of  the  air. 

S83.  Bafflabo  onrra.— A  still  greater  difference  is  observed 
between  the  actual  and  theoretical  motions  of  projectiles.  Instead 
of  doecribing  a  parabola,  fig.  144,  A  S  B,  the  pngectile  actually 
dMcribes  the  curre  A  CD,  calledthebal-  144 

listic  curve,  which  never  attains  so  great 
a  rertieal  height,  or  so  long  a  range  as 
the  corresponding  parabola,  and  which, 
towards  the  end  of  its  course,  continually 
^iproacbes  the  perpendicular,  B  F.  A 
four  pound  shot,  which  flies  6487  feet  in 
the  air,  would  traverse  in  a  vacuum,  a 
Bpftce  of  28,S36  feet 

But,  as  in  the  case  of  faction,  the  benefits  resulting  from  this 
State  of  things  overpay  the  disadvantages.  Fish  could  not  swim, 
nor  birds  fly,  were  it  not  for  the  resiatancea  of  the  media  they  in- 
habit The  paddle-wheels  of  a  steamer  would  not  move  it,  nor 
its  rudder  guide  its  course,  if  they  mot  no  resistance  to  thoir 
movements.  And  we  can  very  well  dispense  with  a  perfect 
theory  of  projectiles,  if  thereby  the  rain  te  prevented  ttfita  de- 
scending with  the  destructive  velocity  of  hailstones. 

SSI.  What  is  nid  af  actual  and  Ibeoretiaal  veloeitias t  What 
la  ssid  of  th«  motion  of  falling  bodiei  I  What  it  Mid  of  tlM  deaogot 
of  bodiM  on  Inclined  plaaea  and  onrva*  I  131  Vhat  \»  uid  of  the 
niotion  at  projeetilati  What  ii  Uia  form  of  the  balllitie  eorvel 
What  are  amotig  Ui«  advantage!  reiultiog  ttwu  reeiitsnoe  to  motion  I 
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233.  Bydrodsnuunict  treats  of  the  peculiarities  of  state  and 
motion  among  fluid  bodies ;  it  may  be  diTided  into  hydroUatkK 
hydrattlieSj  yneumatie^  and  aeoustia, 

284.  Bydzoatalios  treats  of  the  general  properties  of  fluids  it 
rest,  their  nature,  gravity,  pressurei  &c.  Fluids  are  bodies  in 
which  the  redprocal  attraction  of  the  molecules  is  in  equilibrium 
with  the  elastic  force  of  heat  Their  particles  have  perfect  mo- 
bility, freely  moving  among  one  another,  and  their  masses  assunw 
always  the  form  of  the  vessels  containing  them. 

285.  Blastio  and  non-elaatio  fluids* — ^Fluids  are  divided  into 
elastic  and  non-elastic,  but  this  is  not  a  well-defined  distinction, 
for  we  cannot  draw  a  perfect  line  of  demarkation  between  those 
fluids  which  arc  but  slightly  compressible  and  elastic,  as  water, 
and  those  which,  like  air  and  the  gases,  are  compressible  in  a 
high  degree.  Fhiids  of  one  class  have  properties  conunon  to  the 
other,  with  but  slight  modifications.  We  shall  therefore  first  treat 
of  the  physical  properties  of  fluids  generally,  reserving  for  after 
consideration  the  properties  of  the  more  eminently  elastic  fluids 
or  gases. 

236.  Compressibility. — Liquids  were,  for  a  long  time,  consid- 
ered as  absolutely  incompressible.  But  the  researches  of  Canton, 
in  1701,  Oersted,  in  1823,  and  others,  have  proved  that  all  liquids 
are  slightly  conipresi^ible.  The  piciomctcr  {pU20^  to  press,  atU 
mctroHy  a  measure,)  is  an  instrument  designed  to  measure  the 
compressibility  of  liquids.  Oersted*s  apparatus,  fig.  I4«!»,  con- 
sistsof  a  strongglass  cylinder ;  twenty -four  or  twenty-five  inches 
in  height,  mounted  on  a  stand,  the  upper  part  is  accurately  dosed 
by  a  brass  cu]),  through  which  passes  the  funnel  tube  R,  to 
supply  the  vessel  with  water,  and  a  cylinder,  furnished  with  a 
piston,  moving  by  the  screw  P.  In  the  interior  is  a  vessel  A^ 
containing  the  li^iuid  to  be  compressed,  having  a  capillary  tube 
at  its  upper  part,  which  bends  and  descends  to  the  mercury,  0, 
containeil  in  the  lower  part  of  the  vessel.     This  capillary  tube  ii 

*1\V.\.  What  of  hydrtxlynaiiiicts  ?  Int(»  ^vhat  may  it  be  divide*!  \ 
234.  What  doc:<  liy*dnwtiiti«'rt  treat  of/  What  art*  fluids?  •jy.'V.  Into 
what  clasaes  nmv  fluidH  be  divided  f  What  \a  paid  of  these  claa«e»  * 
23C.  What  IB  said  of  the  comprcMibility  of  liquids  f 
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nib£tided  inttt  •^iil  parts,  tnd  the  number  of  these  parts  the 
vessel  A,  can  contain,  is  accurately  liB 

determined  There  is  also  in  the 
interior  of  the  cylinder,  a  tube  of 
glass,  fumlsbed  with  a  graduated 
scale ;  this  tube  is  dosed  at  its  up- 
per end,  and  has  its  lower  end  im- 
mersed in  the  mercury,  0.  This 
instrument  ia  called  a  manometer, 
and  IB,  when  at  rest,  flUed  wiQi  air. 
In  order  to  experiment  with  thia 
apparatus,  we  fill  the  reasel  A,  with 
the  liquid  to  be  eompreoned,  and  by 
means  of  the  ftmnd  ^  fill  the  cyl- 
inder with  water,  baring  prerioualy 
placed  meraarf  in  its  lower  pwi. 
Turning  the  Mrew  P,  we  make  the 
piston  docend;  in  eonseqnenee,  the 
air  in  the  tube,  H  is  eompreased, 
«nd  the  mercury  is  elerated ;  tbede- 
gree  of  elevation  shows  the  amount 
of  pressure,  (the  number  of  pounds 
or  atmospberes) ;  at  the  same  time, 
the  mercury  risea  in  the  capillary 
tube,  and  gives  the  ine«siire  of  the 
compression  of  tha  liquid  in  A. 
Supposing  each  division  of  the  captllaiy  tube  held  but  a  nuUicmth 
p«rt  as  much  as  the  vessel  A^  then  if  the  liquid  to  be  compreMed 
was  water,  (at  the  pressure  of  one  atmosphere,)  we  should  ob- 
servo  the  meretny  to  rise  between  49  and  GO  divisions.  There  is 
one  correction  to  be  made  of  the  observations  obtained  by  this 
instrument;  it  might  be  supposed  that  the  capacity  of  A,  would 
be  invariable,  the  exterior  and  interior  wilts  being  compressed 
equaDy  by  the  liquid,  bat  it  is  not  so ;  the  interior  capacity  of 
the  vase  undergoes  the  same  diminuticoi  as  would  a  body  of  glass 
of  the  same  form  and  volume,  submitted  to  the  same  pressure. 
This  (fimiuutlon  amounts  to  about  39  t«n  millionths,  (yjgVVii) 
of  the  primitive  volume,  for  one  atmoaphcre.  The  comrtcd  re- 
sults of  the  rvsearchcH  of  U.   H.   Cullodcn,  and  Sturm,  are  as 
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follows :  at  the  temperature  of  82^  F.,  and  with  a  pressure  of  one 

atmosphere. 

Mercury  was  compressed  ....  5*08  parts  in  a  millioD. 
Water,  deprived  of  air,  was  compressed  SI'S 

"  not     •*           "     *'     "  **  49*5 

Sulphuric  ether              "  "  18-8 

Acetic  acid                      "  "  42*2 

Sulphuric  aeid               *•  "  82' 

Oil  of  tarpentino           "  "  ^8- 

The  contnu^on  of  liquids  is,  within  certain  limits,  in  direct 
proportion  to  the  pressure.  With  the  piesometcr  mentioned 
ahove,  experiments  with  a  pressure  as  great  as  80  atmospheras 
have  heen  made.  M.  Aime  has,  with  a  different  form  of  appa- 
ratus, compressed  liquids  imdor  the  enormous  pressure  of  220 
atmospheres. 

237.  Blasticity. — ^As  liquids  are  slightly  compressibUii  it  kH- 
lows  that  they  must  have  a  certain  elasticity.  This  is  shown 
upon  removing  the  pressure  from  a  compressed  liquid ;  it  imme- 
diately returns  to  its  former  volume.  Liquids  have  also  elasticity 
from  the  stability  of  form  they  may  take. 

Drops  of  liquid,  placed  upon  a  surface  they  do  not  wet,  beeoms 
spheres ;  if  these  be  struck,  they  flatten,  but  immediately  reaoiiM 
the  spherical  form,  as  with  small  particles  of  mercury  or  drops  of 
water  covered  with  dust  Again,  this  is  shown  when  we  attempt  to 
remove  a  drop  of  water,  or  other  liquid,  from  a  surface  for  which  it 
has  strong  attraction  ;  the  drop  will  elongate  as  we  apply  the  aepar 
rating  force,  but  immediately  resumes  its  former  position  and  shape, 
when  it  is  left  to  itself,  because  of  its  elasticity. 

238.  Equality  of  pressure. — ^Liquida  transmit  pieaaiue  eqnallj 
in  all  directiona. — Liquids  transmit,  in  all  directions  and  with 
the  same  intensity,  the  pressure  exerted  on  any  point  of  their 
mass.  In  order  to  comprehend  this  statement,  let  fig.  146  be  a 
vessel  filled  with  a  liquid,  and  furnished  with  a  number  of  equal 
cylinders,  in  each  of  which  there  is  a  piston.  The  vessel,  as  also 
the  liquid,  arc  supposed  to  be  without  weight,  consequently, 
none  of  the  pistons  have  a  tendency  to  move.  If  wc  apply  a 
pressure  to  the  piston  A,  it  will  be  forced  inwards,  and  the  other 
pistons,  B,  Cj  Z>,  and  E^  of  equal  area,  will  each  be  forced  outwards 


287.  What  is  said  of  the  elasticity  of  liquids  ?    Mention  examph 
288.  VThat  is  said  of  the  equality  of  prcsaure  uf  liquids  f 


coMPKEaaiBiLirr. 


157 


with  the  Bune  pressure.     So  that  if  the  piston  A  was  pressed 

inwards  with  a  force  of  one  pound,  140 

it  would  be  found  necessary  la  apply 

a  force  of  one  pound  to  each  of  the 

other  pislorn,  in  order  to  keep  them  in 

thcirplauc.    IfthcareaoffandCwas 

two  or  three  times  that  of  A,  then  the 

pressure  upon  them  would  be  two  or 

three  times  as  greaL      We  cannot 

perfectly  demonstrate,  that  Uquids 

tnuixmit  pnMSure  equally  in  all  di- 

rcctionn,  (because  we  cannot  obtain 

for  experiment,  as  would  bo  necessarj.  liquids  without  weight, 

anil  ])istons  working  without  fHction,)  but  wo  can  show  that  this 

lircHHuro  is  exerted  in  all  dircctiomi,  bj  the  simple  apparatus,  fig. 

147,  collating  of  a  cylinder,  furnished  147 

with  a  piston  and  terminated  by  a  sphere; 

on  this  aphero  are  placed  small  tubes, 

jutting  out  in  all  directions ;  upon  filling 

the  sphere  and  ^linder  with  water,  and 

pressing  upon  the  piston,  the  water  is 

forced  out  from  each  of  the  tubes. 

■  HqoU,   pnpetttMwd   to    Ua 

daptk.— Tlwt  liquids  pms  down. 

wards,  and  that  this  pressure 

increases  with  the  depth,  may  bo 

shown  by  the  apparatus,  flg.  148,  , 

conslMting  ot   a  metal  cylinder 

containing  a  piston,    C,  moving 

water  tight,  and  resting  upon  a 

spring;    if  this    instrument   lie 

placed  vertically  in  a  liquid,  tkepUt^n  it/oreed  inailh 

a  praturt  equal   to    tht   weight   of  a  eelamn  of  the 

liqiiid,iahotebaaeueqval  loth*  magnitude  of  thtputtni, 
lud  mhoee  keiyht  U  equal  to  th«  depth  ^  the  liqvid  beloa  the 
,UT/uce. 
34U.  FtaaiareoB  Uu'  bottom  of  a  TeiiaL — The  freMvre  of  a 


lluv  mav  ibis  be  itluitratod  I  Wh^  can  it  not  be  perfeetlr  demon- 
itratedl  (low  limy  wa  sliow  that  liquiJi  exert  preuore  in  all  di- 
reutiond    !1S9.  WUat  ii  laid  of  the  downward  preeuire  of  liquids! 
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jtfutd  <Mt  (As  h»ttvn  of  a  •mmJ^  u  m(I«p«iidM«(  4/  (Jbe  iA«^  ^ 
tAe  ve»»el,  and  U  egval  to  th»  ueiffM  qf  a  oMumn  of  li^ni, 
uhote  biue  it  that  of  the  eoatttiMfit  nawl,  and  «A«w  Meifkt  it 
eqiml  to  that  of  tht  eonlaiitodjlvid. — In  order  to  dcmonstnu 
that  the  prcssim  is  independent  of  the  fbrm,  H.  H«ldKt  coDtrind 
the  appaimtus,  fig.  149.     It  comists  of « tube,  A  Be,  b«nt  twJM 


149 


fttrit;lit  Angles.  On  ^,  may  be  placed  theTesselsJf  and  P,<Jcqnd 
height,  but  of  different  forms.  The  tube  A  Beia  fllled  with 
mercury,  which  rises  to  an  equal  height  in  A  and  e  ;  Jf  ia  then 
plncedonyl,  and  filled  with  water;  the  mercury  immcdUfelj  riM> 
in  e,  to  a  certain  point,  as  a.  We  then  replace  Jf  by  P,  andUl 
with  watiT  as  burorc.  The  mercury  will  again  rise  to  the  point  a, 
■s  it  diii  when  the  vesEcl  Jf  was  on  A  ;  it '»  evident  that  the  prw- 
atirc  traniimitted  to  the  mercury  in  the  dircctinn  A  Jt,  was  tha 
same,  in  both  cnses,  proving,  most  conclusively,  that  the  pressuR 
docs  not  depend  upon  the  quantity  of  liquid,  for  the  vessels  Jf  and 
P,di9erp7vatlyin  capacity.  However,  thcareaofthebasefbnBcd 
by  the  surfiwe  of  the  mercury,  and  the  vertical  height  formed  by 
the  column  of  water,  were  the  same  in  both  caiie.i,  and  upon  theve 


How  way  thi>  be  illuitraled  1    -IVX  Wlist  is  laid  of  the  pmaura 
»naboltcmof  avcwelf   l>e»ribs  lliild"l'"  oppamtiiv     What  ia  the 
•     liquid  i"  a  vewel  having  vtrti««l  will,  t 


■■>tatadiboT«,doM the  pnanm  depend  InlbeeKeattnaA 
having  rertkat  mUa,  th*  pt«Mure  would  be  equal  to  the  veight 
of  the  liquid  ttie  tcmcI  oontaiDod. 

241.  TTinnrd  piiBura. — W«  have  shown  that  pressure  was 
eserted  from  abore,  downwards;  it  followB,  ftom  tho  law  or 
equalitj-  ofprUBurs,  (§ 288,) UtatacorreBponding force  is  exerted 
Cram  below,  upwards.  This  presBure  is  made  Ttirj  manifest  hj 
the  buoyaocj  experienced  when  we  [dnnge  the  hand  into  a  liquid 
of  peat  detuity,  as  mercnry.  In  c*der  dearlj  to  daMonstrate 
this  upward  prt—uTB,  a  tube  of  gjass  (a  taken,  open  at  both 
•nda,  fig.  160,  haring  at  the  lower  end  a  disc  of  glass,  S, 
which  is  supported  by  means  of  a  thread  from  its  centre. 
The   whole  is  then  placed  in  a  TMSel  ISO 

of  water  and  ahandoaed  to  itself;  the 
disc  will  remain  attaclied  to  the  end 
of  the  cylinder,  because  of  the  upward 
pressureof  the  water.  If  nowtheiot«- 
rior  tube  la  careliilly  filled,  the  diao  will 
not  &1I  until  the  teret  of  the  water 
within  the  tube  is  the  same  aa  Uiat  In 
the  outer  Ttesel,  which  proves  that  the 
upward  preasura  ia  equal  to  the  wdgbt 
of  the  interior  column,  and  therefbra 


i»  prvportwK  to  tk*  htinht  ^  tA< 
liquid  column. 

S49.  riessureoalhewallfc— 7H«pT<itiiw</gf»g''iiwH»y 
jMt-fton  ^  a  lattml  laall,  U  eg^al  U  ths  ittigU  qf  a  eolum»  <tf 
liquid,  tfKieh  haajbr  itt  bate  tkitportion  <tfA*  '" 
vail,  aiid  for  iU  height  th«ttrtitaldiiia»e*/r»m 
*U  centre  of  gravity  to  the  tur/aee  of  the  liquid. 
As  in  fig.  151,  the  pressure  on  the  point  ('.  of  the 
wall  is  equal  to  the  weight  of  the  column  A  B, 
for  the  preasureof  this  la  ooramunicated  Ut«rally, 
to  all  tho  particlea  lying  on  the  tame  bnicontal 

348.  I*ta»al  pwwnrslnM»aaM  with  tha  depth. 
As  the  pressure  of  a  liquid  on  any  point  of  a  wall, 
is  equal  to  the  wei^t  of  its  correspMidiiig  Terticalc 


It  be  mad*  niantfwt  I  Ueaenbe  the  apparatoi  by  wbioh  It  may  M 
clearly  demoDttrated.  S43.  What  ii  idd  of  the  preaaur*  of  a  liqnid 
OD  till  lateral  walli  t    Deacribe  the  Bgare  lal. 
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column,  therefore  the  lateral  presaure  of  a  liquid  in  any  reffti, 

inmuiHi'M  with  the  depth,  as  in  fig.  152.  the  liqui'i 
column  ^4  C,  pressing  with  a  certain  force  on  Jk 
tlie  column  J^jPwill  press  on  G,  with  a  foni*  &> 
much  greater,  na  E  Fis  greater  than  A  C.  Thh 
may  he  further  illustrated  hy  placing  the  apf^- 
ratuK,  fig*  1*^1  in  a  horizontal  position,  the  pL<toD 
will  be  forced  in  with  a  pressure  corresponding:  ^t 
the  depth ;  aLso,  if  it  is  placed  in  any  position  in- 
termediate between  the  horizontal  and  vertical, 
the  piston  will  bo  pressed  in,  thus  proving  con- 
'clusively,  that  pressure  is  exerted  in  all  dire«:tion>. 

244.  Total  pressure  on  the  walla. — Let  us,  in  the  vessel  A  B 
A  153  D  C'Afig.  153,havetheside.-l/Adivi.W 

into  10  equal  parts,  supposing  the  prei^- 
sure  at  1  to  be  one  pound,  then  the 
pressure  at  2  would  be  two  pounds  at 
3  three  pounds,  &c,  as  the  inten>itv 
of  the  pressure  increases  directly  with 
the  depth.  Tlie  average  intensity  of  pressure  would  be  found  at 
the  5th  division,  (a  point  midway  between  the  1st  and  10th,)  an«i 
tl»e  total  pressure  on  the  walls  would  be  the  same  as  if  it  .suji- 
lained  the  average  intensity  over  the  whole  lateral  surface,  an»l 
therefore  the  totaf  .j/retuturt'  vjioji  a  icall of  hhcH  a  riMtf,  w  e^^vii 
to  the  ircight  of  a  robnun  of  the  liquid  irhone  ha»e  is  e^uul  t**  th< 
area  if  the  x/</< ,  and  irhonc  height  in  equal  to  one-half  of  the  dtj'^h 
of  the  liquid  in  the  retutel  This  is  true,  whether  the  vessel  U* 
vertical  or  inclined  outwards  or  inwanls.  In  the  case  of  a  cu- 
l)iral  vessel,  this  ]>ressure  on  one  side  would  be  equal  to  one-half 
the  weight  of  the  liquid  contained  in  the  vessel. 

245.  Total  pressure  on  the  bottom  and  sides  of  a  veaseL — Tlie 
total  pressure  exercised  on  the  Iwttoni  and  sides  of  a  vessel  i.< 
much  greater  than  tlie  weight  of  the  licjuid  contained  in  the  vessi*!. 
In  the  case  of  a  cubical  vessel,  the  ]iressure  exerted  on  the  bottom 
is  e<}ual  to  the  wliole  weight  of  the  liquid,  (>f  240,)  the  pntssuiv 
exerted  on  each  side  is  eijual  to  half  the  weight  of  the  Iiqui<i, 
(j5  24 1,)  on  the  four  sides,  it  is  equal  to  twice  its  weight,  iMUse- 
<]uently,  in  a  ruhieal  rtitmi,  the  jo'tjuturt  t.nrttd  on  the  hotttnn 


24Ii.  What   is  Hoid    of  the  luti-ral   j»riS!«inv   iiioroaiiiiii;  vith  tl 
depth  f     lllU8trate  h\  \\w  tiu'iire  l.'rJ.     "IX  i.   What,  is  rciid  of  the  tutm 
pressure  on  the  walln  of  ii  vesHi*!  \     Ii4.'i.  What  \*  X\w  total  pre^^nirv* 
on  the  bottoiu  and  sides  of  a  ves-'cl  .' 


•tal 


«mI  riddt,  U  eqval  to  tJave  tfauu  tk*  tM^At  tff  t\t  eoiUaiiuA 

3*0.  Tshl*,  tftovinfr  Ik^rMMtn  tti  powtitb,  p«f  tqvart  mch, 
and  tqvart/bot,  prtdtutd  iy  watar  at  «ari*u«  dejttht. 
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B7  aid  of  the  abon  table,  the  pnesure  of  mter  on  aay  gur- 
ftce  of  a  TCHel  contaiDinK  it,  can  be  determined.  Ar,  for  ex- 
ample,  the  preBsure  of  nter  cmaaquare  foot,  at  the  bottom  of  a 
▼eawl  twenty-three  feet  in  dqith ;  at  two  feet,  the  preBsvre  is 
ia4-»4M;  attwaDtrfe«t,tMitiin«auinBeb;  —  134e-4M-,  atthree 
tMt,  1B6-W98.  lMe-4M+  IMHOSe  =  liSS-iSSe,  the  presBure 
of  water  on  a  iqiun  foot  it  Bariace,  at  a  depth  of  twenty-three 


"niat  the  pnwnr*  prod  need  at  great  depths  la  raell;  immenM,  ean 
be  ihown  by  eordnbg  a  i4«««  of  wood  at  great  deptba  in  the  lea, 
Iba  prcMnre  foniee  the  water  into  tbe  porei,  m  that  it  will  net  be 
capable  of  floating  afterwardi.  A  bottle,  tbe  body  of  which  ia 
eqoare,  if  tightly  eorktd  and  lowered  into  the  Ma,  will  be  broken 
by  the  prcMnre.  If  tbe  body  of  the  bottleia  il^«g  end  eylindrioal, 
the  oork  will  be  foread  in.  Below  a  eettala  dq)th,  diTere  cannot 
penetrate,  and  the  came  may,  periiape,  be  true  of  fiahea. 

M7.  IbM  oanto*  at  jiiaMuia. — ^The  e«ntre  of  preaBure  in  a 
mu8  of  flnid,  is  a  point  where  all  the  elementary  preasiiree  are 
equally  balanced,  or  are  in  equilibritun.  It  ia  alwayi  placed 
lower  than  the  centre  of  gravity,  since  it  would  coincide  with  it, 
were  it  not  that  the  lower  masBes  of  flnid  wen  compressed  by 

Whet  if  the  T««el  haa  a  enbieal  fomt  StO.  Give  the  preMure 
apon  a  •qnara  ineh  and  aqnare  foot  at  the  drpth  of  1,  3.  4,  a  and 
Id  ttetl  Determine  t)ie  preaaare  of  water  on  a  aqoara  foot  38  faet 
below  the  eurfkee.  What  flMtt  illoitrate  preeaure  at  great  depthaf 
347.  Whatiatheeentreof  presRirel 
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those  above.    The  position  of  this  point  Is  determined  bj  cil- 
culation. 

l$t. — In  a  te$$el  wkae  $ide9  ar§ pafmUelogramSj  the  etntrt  of 
pre^ure  i$  on  a  line  whiek  dhidea  iiUe  two  efoal  part*  the  hor- 
izontal layers  at  a  point  one-third  ^  the  distance  from  tht 
lower  part.    As  in  the  yessel,  fig.  154^  the  centre  of  pressure  b 
154  on  a  line  ^  J^  at  the  point  C^  one-third  of 

^ A  the  distance  firom  the  lower  part  B. 

2d — In  a  triangular  veseel^  standing  m 

gits  hase^  the  centre  of  pressure  is  on  the 

vertical  line,  reaching  from  the  centre  0/ 

the  base  to  the  apex,  at  a  point  onofourU 


c 


T 


of  the  distance  from  the  lower  part    As  in  fig.  155,  the  centre 

of  pressure  is  at  the  point  e^  one-fourth  of 
the  yertical  line  ^  ^:  if  the  same  Teasel 
rests  on  its  apex,  the  centre  of  pressure  is 
at  the  point  midway  between  the  centre  ci 
the  base  and  the  apex,  as  in  fig.  156,  at  the 
point  (,  one-half  of  the  vertical  line  A  R 

248.  Iierel  Mwctsoe  of  a  liquid. — ^That  the 
surface  of  a  liquid  must  be  level,  is  evident 
from  the  mobility  of  the  particles.     This  results  fiwn  the  attnc- 
150  tion  of  gravitation,  and  also  because  of  the 

j^     fact,  that  when  a  body  is  free  to  move,  its  centre 

Vof  gravity  will  descend  as  low  as  possible. 
Mountains  do  not  sink  and  press  up  the  inter- 
mediate valleys,  because  the  cohesion  of  the 
particles  is  opposed  to  gravitation,  but  if  the 
mountains  were  liquefied,  the  ridges  would 
sink  down,  and  the  valleys  would  rise,  until  the 
whole  mass  would  have  a  uniform  level  surface.  A  peHectlj 
level  surface  on  the  earth,  means  one  in  which  every  particle  is 
equi-distant  from  the  centre,  and  is  therefore  a  truly  spherical 
surface.  A  terrestrial  surface  of  large  extent  would  show  a  differ- 
ence of  elevation  of  about  four  inches  in  a  mile.  In  making  a  canal, 
thiTcfore,  in  order  to  have  it  level,  there  must  be  this  deduction 
from  the  terrestrial  line.     In  small  vessels,  the  surface  of  the  liquid 


What  is  the  position  of  this  point  in  a  ve.tftcl  whoso  sides  are  r«r- 
allelogram'ff  \\  hat  in  a  trian^j^ular  vuimoI  placed  on  its  base  7  What 
when  placed  on  its  apex  t  248.  What  is  saiii  of  the  level  surface  of 
a  liquid  f     What  does  a  perfectly  level  surface  ou  the  earth  mean  I 


whcQ  tt  rest,  is  ft  perfectly  horisontal  plane,  heiag  in  perfect 
equilibrium. 

The  ■[ibericity  of  ths  girth  ii  illiMbratad  by  tha  fut,  that  the 
iDutsof  a  Tinnl  at  laaara  imd  long  before  ilahollii  risible,  vhsreaa, 
werg  the  tnifMe  of  the  water  a  perfect  plane,  the  larger  obJMt  wonld 
flnt  become  riaible. 


S49.  Maar  Uqnlda  la  tba-BUM  t— aL— H  instead  of  a  single 
liquid  in  a  vessel,  we  hare  a  number,  having  difierent  Bpeciflo 
grsTJtieH,  we  shall  And  that  the  relative  position  in  which  they 
will  come  to  rest,  will  be  in  the  inverse  istio  of  their  specific 
gravity. 

Thui,  if  mercury,  water  and  oit,  are  placed  in  a  toimI,  and  after 
ahakJDg  them  well  together,  they  are  allowed  to  rett,  in  a  little  time 
it  will  be  (bund,  that  there  are  three  layen ;  the  mercury,  being  the 
heaviest,  liet  at  the  bottom;  Uis  water,  lighter  thau  the  meraary, 
forma  a  layer  immediately  above ;  the  third  layer  ooniista  of  oil,  it 
being  less  deoM  than  either  of  the  other  liquids^ 

950;  BqoUlbtinm  of  a  Uqnld  In  oomnnnlcatliig  wessals. — If 
two  or  more  vcsscIb  communicate  with  each  other,  tiic  liquids  in 
both  or  all  (he  TeeaeU  stand  at  the  same  level.  Thiti  law  rests 
upOD  tiie  hot,  that  the  prcaaure  of  liquids  at  equal  depths,  is 
equal  in  all  dlnctioru.  If  the  fluid  stands  at  a  higher  level  in 
one  TOMol  than  the  other,  tho  particles  of  the  former  exert  a 


greater  lateral  presanre  on  the  channel  of 
the  other  can ;  these  partfclei  are, 
therefore,  continually  puahcd  upwards, 
until  they  exert  an  equal  and  opposite 
prcasure,  whii;h  obtaiuH  when  the  col- 
umns arc  at  an  equal  height.  Tho 
effoct  is  tho  same,  wlj^tevcr  may  be  the 
fliic  and  number  of  the  vesscta.  Fig. 
1A7  represents  a  number  of  veaaels  of 
different  ahapea  and  capacitioa,  con- 
tiected  with  a  common  reservoir',  if 
M'c  pour  water  into  one  of  them,  it 
will  rise  to  tho  winic  htight  in  the  otht^ 
veaseU       Ths    only    circumstance    af- 


than 


Whatiisudof  thesiihericity  oftbeeartUI  349.  What  Is  then 
suit  when  liquiJsofdineranldensiliee  are  placed  in  the  same  vessel 
Blnntion  tho  illustration.  860.  What  is  said  of  the  equilibrium  < 
liquid*  in  oomniuaicatiiig  vesssls  ?     ]>e«eribr  the  figure. 
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fteting  this  IftV  would  ba  cai^Uaritf,  whldi,  if  cerUhi  of  (b« 
tubes  were  TCiy  ^mall,  would  ckum  the  liquid  to  rise  in  them  Ip 
ft  tiighcr  point  tbtui  in  the  othen. 

naotical  ad*BiiUg«  it  mad*  of  m  knovladg*  at  thia  bw  in  tbr 
eonstmction  of  aqDedacta,  or  doieil  t^pea,  to  mpply  towoi  aod  dti« 
with  water.  Tha  aqnedaet  oft«n  paaa«a  OT«r  tbtj  unaTeo  anr&M 
for  great  distanoga,  and  the  watar  iajdiatributed  to  the  houMbr 
■mailer  pipes,  brancbing  from  the  graator  onea.  So  long  aa  the  &- 
tribating  pipa  do  not  rtaa  aboTa  tha  ItTel  of  the  lbnnt«io  heod,  tbi 
water  will  eoDtinne  to  flow. 

2S1.  AitoalBii  wdla, — Water  Bpouts  from  artesian  wdla  ftr 
the  same  reason  that  liquids,  in  comrounicmtiiig  Tesaels,  tend  to 
assume  the  same  level,  and  streams  flow  toward  the  ocean.  Tte 
crust  of  the  earth  consists  often  of  vftriouB  beds  or  Bti«ta,  some  pc^ 
mcable  to  water,  like  the  gandstones,  while  othen  are  imperHooi. 
Fig.  1G8  represents  a  portion  of  the  earth  containing  two  ii 


mcable  stmtA,  CO,  BB,  and  one  [wnious  stratum,  A  A,  betweto 
them.  Supposing  the  latter  to  be  in  communication  with  man 
elcrntcd  lands,  from  vrliich  water  filters  in,  yien  we  should  luTe 
a  natural  basin,  from  which  the  water  could  not  escape,  beeauM 
of  the  impcmicnblu  struts  above  and  Itelow.  If  the  upper  strata 
are  pierc«d  by  an  artesian  well,  F  G,  the  water,  tcndinf;  alwajs  to 
place  ilcelf  in  equihbrium,  would  rush  up  to  a  hci>;ht  towaidi 
the  level  lino  JIB,  and  owinj;  to  friction,  would,  perhaps,  reach 
the  intermediate  level  A'.  Si'veral  very  deeii  wells  of  this  Mrt 
have  been  Kunk  in  the  khU  re;;iiins  of  \'irtdnia  and  (Jhio.  Tha 
famouti  well  of  Grenelle,    in  I'ariK,   in  It^OU  feet  deep,   and  the 


SSI.  D«acrtbe  arteniaii  welU 


i  uf  that  atGreaellal 
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water  rises  112  feet  ibon  the  surbee,  hftring  a  tempenture  of 
63°-76  F.,  (the  ennuel  meeo  tempsnture  of  Piris  heiog  63°  F.) 
Over  BIX  hundred  gallons  era  disohsiged  each  minute  from  this 
wooderful  fonnl«in,  and  wiUtont  TsiiatioD  in  quantity. 

ass.  BqiriUbifam  of  lt«nUs  of  d'~ 
r'"**<nf  yesielfc — When  two  liqtuds  of  difCerent  densities  are 
placed  la  communicating  Teasels,  thor  sur&ces  will  not  net  at 
the  same  point  or  lereli/ortAawMMmieaetn^iiMMb,  ththeightt 
^f  tAe  liquid  eolttmni  or*  iti  Me  ioMrte  ratw  qf  the  deimtiei  of 
l/u  tifuidt. 

If  mercurj  is  first  poured  into  the  lower  part  of  the  apparatus, 
fig.   IS9,  and  the  tube  ABia  then  169 

filled  with  water,  this  Ust  will  exert 
a  presHuro  on  the  mercury,  causing 
it  to  be  depressed  in  ^  ^  and  rise  in 
the  other  tube.  Measuring  the  hmgbt 
of  the  coliunns  of  mercury  CD,  and 
water,  A  B,  which  are  in  equilibrium) 
they  wUl  be  found  to  be  as  1  to  13-59. 
These  numbers  represent  the  den- 
sities of  water  and  mercury. 

SfiS.  BydnrtaUo  paradox^-Tbis 
term  la  applied  to  a  practical  iUos-  . 
trationof  the  law  of  equally  of  prea-  | 
Burce,  and  in  proof  of  lb*  seeming) 
paradoxical  proposilioa,  that  a  quan- 
tity of  fluid,  howereramall,  nay  be  made  to  oountariialanoe  another, 
howcrer  large.  We  have  seen  (S  S87)  that  the  pressure  e 
erted  on  one  of  the  pistons,  fig.  lifl,  would  he  felt  equally  on  the 
rest,  howerer  great  thoir  number.  If  the  pressure,  instead  of 
being  communicated  by  a  weight,  was  induced  by  a  odumn  of 
flnid  acting  upon  a  bellows,  we  should  hare  the  ordinary  form  oi 
illustrating  the  hydroetatic  paradox.  The  hydrostatic  bellows, 
fig.  IflO,  consists  of  two  boards,  B  O,  and  CJ),  connected  with 
leather  or  India-rubber  doth,  in  such  a  manner  that  the  upper 
board  can  rise  and  fell,  like  the  eommon  air  bdlows.  The 
tube  F  B  communicates  with  the  interior  of  the  ^tparafais.  Sup- 
posing the  tube  to  have  a  eroas  section  of  one  square  Inch,  and 

US.  What  ii  laid  of  tbe  equilibrium  of  llquidi  of  different  deQutiw 
ID  eamaiaDicBtiDg  TiiueUf  US.  What  it  the  hydrortatia  paradozr 
UMcribe  the  byiGoiUtia  bellowa 
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opening  upwudg.    This  vaWe  opens  when  the  piston  is  nbed, 
thus  draving  in  wKter,  and  closes  when  the  piston  descends. 


Rf  working  the  piaton,  th«  iMords  j1  ind  A  mre  campletel;  filled 
with  WKt«r.  The  orifice  O,  is  in  connection  with  %  stop-cock, 
by  which  the  water  can  be  drwrn  o^  when  we  wish  to  reduce 
the  prcMUKL 

The  pressure  exerted  on  the  water  in  A,  hy  dopreflsing  the 
piston,  is  transmitted  with  equal  force  throughout  the  entire  mass 
or  the  fluid.  Thu  surikce  of  the  wator  in  A,  therefore,  presges 
up  the  piaton  above  it,  with  a  force  proportioned  to  it«  area. 

If  the  cylinder  Ahuanarca  of  SOOsquareinches,  and  the  snuill 
cylinder  an  area  of  half  a  square  inch,  the  pressure  of  the  water 
on  the  piaton  above  B^  will  be  400  timea  that  applied  at  the  lever. 
But  let  the  arms  of  the  lever  be  to  each  other  as  one  to  fifty, 
then  when  a  fort«  of  fifty  pounds  is  applied  at  tho  long  arm,  the 
piston  will  descend  with  a  force  of  SfiOO  pounds,  (60  x  60  =s 
8600,)  and  there  will  be  exerted,  theoretically,  a  force  of  1,000,000 
pounds  upon  tho  piston  in  Z^  (SO  X  60  X  400  =  1,000,000,)  or, 

IIo*  is  tha  pniap  let  in  operation!  What  it  th«  mult  of  a  great 
di(r«rena«  in  the  ana  of  the  piitoo*  f  How  do«i  the  length  of  tha 
ana  of  the  laver  alTeet  the  result  I 
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dedncting  one-fourth  fbr  the  Iobb  occaaioned  by  the  different  im- 
pedimonte  to  motion,  m  man  would  fltill  be  ible  to  exort  a  force 
of  760,000  pounds.  The  hy dnulic  press  is  of  oxtensive  use 
in  the  industrial  irts.  It  is  employed  for  compressing  cloth, 
paper,  hay,  and  gun-povder,  candles,  Tcrmicelli,  and  numerous 
other  artides,  to  which  the  proper  form  or  condition  is  imported 
by  severe  pressure. 

The  tubce  of  the  &mouB  Britannia  tubular  bridgo  over  the 
Btraitfl  of  Menai,  were  raised  by  means  of  a  powerful  hydraulic 
press. 

SGS.  Vb»  «al«r  lard.— The  water  lord,  fig.  163,  ia  an  appli- 
cation of  the  law  ot  the  equilibrium  of  liquids  in  oommunioting 
veesels;  itmay  oonaiatnTametallic tube,  bent nponitsextrcmiticfi. 


to  each  ofwhichiaadaptedavertical  glass  tubo;  this  iamounted 
on  a  tripod.  Wator  is  poured  into  K,  until  the  liquid  is  derated 
in  tlic  tubes  of  gloss.  The  equilibrium  being  established,  the 
level  of  the  wator  in  the  two  tubes  is  the  game;  that  is,  the  sur- 
faces of  the  liquid  in  />  and  S,  ore  on  the  same  horizontal  plane. 
By  this  instrument  wc  con  determine  whether  one  point  is  more 
elevated  than  another,  as  A  and  R  By  placing  a  sight-board  at 
A,  the  observer,  directing  his  eye  along  I)  £,  immediately  above 
the  liquid,  has  the  sight-board  placed  higher  or  lower  by  an  as- 
sistant, until  it«  centre  is  on  the  samehorizontal  line  with  D  and 
E;  measuring  then  the  height  A  M,  and  subtracting  it  th»i  tbt 
height  of  D  E,  above  B,  we  find  how  much  higher  the  pmnt  A 
is  than  .a 

SS6.  nw  aplrlt  lord,  is  a  mnrc  ocrurate  instnintent  than  the 
above.     It  consiHU,  tig.  itlit,  of  a  tube,  A  li.  sheathed  in  bram, 

llowmuch  forcccon  Bitian  thiM  Muily  axertl    SU.  Deaeribe  iJw 
water  levcL    liow  are  det«miinalioDii  made  witb  iti 
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CD^  slightly  curved,  and  filled  with  alcohol,  except  a  small  space, 
JT,  occupied  by  a  bubble  of  air.    This  always  rises,  to  occupy 

168 


the  more  elevatMl  part  "When  the  instrument  is  placed  hori~ 
zontally,  the  bubble  remains  in  the  centre,  at  a  fixed  mark,  but 
when  it  is  inclined,  the  bubble  ascends. 

267.  Axohimedea'  prinoipl<>. — When  solids  are  immersed  in 
fluids,  they  displace  a  quantity  of  the  latter,  equal  to  their  own 
bulk;  a  legitimate  consequence  of  their  own  impenetrability. 
When  a  body  is  plunged  in  a  fluid,  its  sur&ces  support  the  pres- 
sure of  those  particles  it  touches.  Let  a  cube,  fig.  164,  be  im- 
mersed, with  two  of  its  faces  horizontal  The  vertical  faces  being 
opposite,  and  the  pressures  against  them  being  in  contrary  di- 
rections, they  neutralize  each  other.  The  upper  horizontal 
lace  is  pressed  downwards  by  a  col-  164 

umn  of  water,  whose  base  is  this  fiu^ 
and  whose  height  is  A  2>,  and  the 
lower  horizontal  &ce  is  pressed  up- 
wards by  a  column  with  an  equal 
base,  and  having  a  hei^t  D  R  The 
cube  must^  therefore,  be  floated  up- 
wards, by  a  fixroe  which  is  the  dif- 
ference between  these  two  pressures, 
that  is,  equal  to  the  weight  of  a  mass 
of  water  corresponding  in  size  to  the 
immersed  body.  Consequently  this 
pressure,  opposing  itself  to  gravity, 
the  weight  of  the  body  &  propor- 
tionally diminished,  and  it  follows, 
that  a  body  plunged  in  a  liquid  loses  a  part  of  its  weighty  equal  to 
the  weight  of  the  liquid  displaced. 

266.  Doicriba  the  tpirit  level.  267.  What  is  the  effect  when 
•olidt  are  placed  in  water  f  What  pressure  is  exerted  on  a  cube 
sustained  in  water,  as  in  the  figure  7  What  is  the  result  of  the  ao- 
tioQ  of  these  pressures  f 

8 


This  principle  was  diBCOvered  by  Archimedes,  about  280  ytm 
B.  C,  and  is  called  bUot him,  Ihc  TlieorrnKif  Arehimede*.  Tlint 
it  iit  correct,  may  he  [irovtd  by  means  of  the  hydrostatic  balance, 
fig,  105,  from  one  of  the  arnis  of  which  is  hung  a  hoUow  cylinder. 


or  bucket,  ^,haTingac)'lindrical  mass  of  copper,  ^  exactly  fittiDg 
into  it,  uid  hanging  from  it  by  meana  of  aflne  wire.  Having  ex- 
actly counterpoised  the  benni  by  weights  (Hi  the  other  arm,  BU  np 
the  glass  vessel  with  water,  until  the  cylinder  B  is  wholly  im- 
mcrsed.  The  cylindur  will  then  appear  to  have  loetweiglit,  the 
other  arm  going  down.  If  the  bucket  A,  is  now  exactly  filled 
with  water,  the  criuilibriuni  will  be  restored  ;  proving  that  the 
immcmed  Imilyh.is  lost  in  weight  eijiial  to  its  own  bulk  of  water. 
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258.  BquUibrinm  of  floatiiig  bodies. — Accepting  the  Theorem 
of  Archimedes,  agreeably  to  the  last  section,  it  follows,  that  if 
the  immersed  solid  be  of  the  same  weight  as  the  displaced  fluid, 
the  former  will  remain  at  rest  in  the  fluid,  in  any  position  in 
which  it  may  be  placed,  the  upward  pressure  exerted  upon  the 
solid  being  equal  to  its  own  weight  If  the  solid  is  more  dense 
than  the  fluid,  its  weight  being  greater  than  the  upward  pressure, 
the  body  will  sink ;  while  if  the  immersed  body  is  less  dense 
than  the  fluid,  it  will  rise  until  it  has  displaced  a  volume  of 
water  equal  to  its  own  weight ;  that  is,  the  body  floats.  For 
this  reason,  cork,  wood,  wax  and  other  light  bodies,  placed  in 
water,  support  themselves  on  its  sur&ce.  In  order  that  floating 
bodies  may  take  a  state  of  stable  equilibrium,  it  is  necessary,  1st 
That  they  displace  a  weight  of  liquid  equal  to  their  own  bulk. 
2d.  That  their  centre  of  gravity  be  below  the  centre  of  pressure, 
and  in  the  same  vertical  We  may,  however,  still  have  stable 
equilibrium,  when  the  centre  of  pressure  is  below  the  centre  of 
gravity,  but  then  it  must  be  below  a  certain  point  called  the  me- 
tacenter^  which  can  be  determined  by  calculation.  (In  a  slightly 
rolling,  floating  body,  the  point  of  intersection  of  the  vertical, 
through  the  centre  of  gravity  when  at  rest,  is  called  the  meta- 
center.)  The  knowledge  of  these  points  is  of  great  value  in  the 
loading  of  a  vessel ;  if  the  metacenter  coincides  with  the  centre 
of  gravity,  the  equilibrium  is  stable  in  any  position  of  the  ship. 
Fishes  are  in  a  state  of  equilibrium  when  immersed  in  their  own 
element,  and  in  order  to  preserve  this  state  at  different  depths, 
they  have  an  air  bladder,  by  contracting  or  expanding  which, 
their  bodies  acquire  the  same  density  as  that  of  the  water  in 
which  they  are. 

259.  OartMdan  devlL — Tlie  hydrostatic  toy,  known  as  the  car- 
tesian devil  or  Ivdean^  exhibits  the  principle  just  stated.  It  con- 
sists of  a  small  glass  or  enamel  figure,  fig.  166,  at  whose  head 
is  fixed  a  bulb  of  glass,  Oj  having  a  small  hole  in  its  lower  part, 
and  filled  with  water  to  such  an  extent,  that  when  placed  in  the 
cylinder  of  water  as  represented,  it  will  remain  in  any  position. 
Over  the  vessePs  mouth  is  tightly  fixed  a  piece  of  caoutchouc.     If 

258.  What  is  said  of  a  solid  immersed  in  a  liqnid,  when  it  is  of  the 
same  density  as  the  displaced  fluid  7  When  the  body  is  of  greater 
density  t  What  two  conditions  are  necessary  that  floating  bodies 
take  a  state  of  equilibrium?  What  is  the  metacenter  ?  What  is  said 
of  the  advuntages  of  a  knowledge  of  these  points  t  What  is  said  of 
fishes?    259.  Describe  the  cartesian  devil. 
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the  caoutchouc  be  pressed  upon,  whfle  the  fig^ure  is  near  the 
surface  of  the  water,  the  air  below  is  compressed,  and  this  pres- 
sure will  be  conveyed  through  the  water  to  the  air  contained  in 
166  0 ;  this  will  be  compressed  into  a  smaller 

bulk,  and  sufBdent  water  will  enter  O  to 
render  the  apparatus  heavier  than  water, 
when  it  will  lUL  On  removing  the  presBurey 
the  air  expands  in  t>,  and  expels  the  water 
which  was  previously  forced  into  it,  and  the 
apparatus  rises.  By  a  contrivance  similar 
to  this,  the  beautiful  nautilus  shell  rises,  to 
float  upon  the  surftce  of  the  sea,  or  sinks 
again  at  pleasure,  by  a  voluntary  oontimction 
or  expansion  of  an  internal  cavity. 

260.  Densifey^— Different  bodies,  with  the 
same  volume,  have  different  ¥reigfats,  owing 
to  their  containing  unequal  quantities  of 
matter.  This  quality  of  bodies  is  called  their  density,  or  specific 
weight,  and  signifies  the  relation  of  the  weight  to  the  volume. 
The  determination  of  density  of  a  solid  or  liquid  body,  consists  in 
ascertaining  its  weight,  and  also  that  of  an  equal  volume  of  water, 
and  in  dividing  the  first  weight  by  the  second.  Three  methods 
are  resorted  to  for  determining  the  specific  gravity  of  solids  and 
liquids  :  a,  by  the  balance,  ft,  by  the  hydrometer,  and  c,  by  the 
flask. 

261.  Specific  gravity  of  solids  heavier  than  water.— The 
solid  (lioavier  than  water)  whose  weight  is  to  be  ascertained, 
being  attached  by  moans  of  a  silk  thread  to  the  arm  of  a  bal- 
lance,  and  accurately  weighed,  will,  upon  immersion  in  water 
as  in  fig.  1 67,  lose  weight  This  loss  is  equal  (according  to  the 
principle  of  Archimedes)  to  the  weight  of  a  volume  of  water 
equal  to  that  of  the  immersed  body.  Subtracting  the  weight  of 
the  substance  in  water  from  its  weight  in  air,  and  dividing  the 
latter  by  the  difference,  the  product  will  be  the  specific  gravity 
required. 

£Izample.  A  piece  of  iron  weighed  in  air,  460  graiai,  in  water, 
401-16  gre.    Then  460 — 101*16  —  68*84  gr«.,  which  equals  the  weight 


Why  doee  preMure  on  the  India-rubber  cause  the  figure  to  sink  I 
Why  does  it  rise  t  260.  What  is  the  density  a  body  \  What  doee 
it  tigoifyf  How  are  dousitics  dctcrminod  f  261.  Describe  the 
method  for  the  determination  of  thu  density  of  a  substance  by 
means  of  the  balance.      btate  the  t^xainplo  given. 
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of  a  Tolmne  of  water  equal  to  the  iron,  and  460  -i-  68-84  =  7*8  = 
^>eeific  graTity  of  the  iron. 

262.  Spedfio  gravity  of  aolida  Ughter  than  water. — If  the 
body  be  lighter  than  water,  it  must  be  attached  to  some  solid 
(whose  weight  in  wr  and  water  is  known)  167 

sufficiently  dense  to  sink  it  in  water.  The| 
compound  mass  is  weighed  first  in  air,  and 
then  in  water,  and  the  loss  determined,  the 
weight  lost  by  weighing  the  heavy  body  alone 
in  water  being  known,  the  weight  of  the  light 
body  in  air,  divided  by  the  difference  be- 
tween these  losses,  giveB  the  specific  grayitj. 

Example.  A  snbetanee  weighed  ia  air,  600 
gn.,  attached  to  a  piece  of  copper,  it  weighed 
2647  gra,  in  water  2020  gia,  raffering  a  loes 
of  627  gra  The  copper  iteelf  loeee,  when 
weighed  in  water  280  gra,  627—280=897,  then 
897  •»-  604  =  660  the  iipeci6o  gravity  of  the 
•abetance. 

268.  Spaoifio  gravity  of  solids  soluble  in 
water. — ^To  determine  the  specific  gravity  of 
a  solid  soluble  in  water,  we  must  weigh  it 
while  immersed  in  a  fluid,  in  which  it  is  not 
soluble,  as  oil  of  turpentine,  alcohol,  &c,  its 
specific  gravity,  compared  with  that  of  the  liquid  being  ascertamed. 
To  determine  its  density,  compared  with  that  of  water,  we  have 
now  only  to  multiply  the  specific  gravity,  thus  found,  by  that  of 
the  fluid  employed. 

Example.  A  snbttaoce  soluble  in  water  waa  weighed  in  oil,  and 
its  specific  gravity,  compared  with  the  oil,  was  2'6,  the  specific 
gravity  of  the  oil  was  '87 ;  then  2*6  X  "87  =  2*262  the  specific  grav- 
ity of  the  substance. 

264.  Nioholson's  areometer.^ — ^This  instrument,  used  for  de- 
termining the  density  of  solids,  consists  of  a  hollow  cylinder  of 
metal  or  of  glass,  B,  fig.  168,  having  attached  to  its  lo^r  end 
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A  cone,  0,  loMled  with  lead,  which  causes  the  i^pantna  always  to 
108  assume  an  upright  position  when  placed  in  wa- 

ter. The  upper  part  of  the  cjilinder  is  termi- 
nated hy  a  Tixl,  on  the  end  of  which  is  a  small 
cup,  A,  for  hoMing  we^ts.  The  whole  appa- 
ratus must  have  a  less  specific  gnvity  than 
water,  bo  that  a  certun  weight,  as  X,  must  be 
put  in  the  cup,  to  unk  the  areometer  to  the 
water  marie  0.  It  we  wish  to  detcnnine  the 
6p»dfic  gnntjvt  a  body,  (whoae  wdgfat  must 
be  less  than  X,)  we  place  the  body  in  the  cup  A, 
oni  add  we^ts  till  0  is  brou^t  to  the  le?el 
f  tiM  water.  The  weight  of  X  (the  coun- 
terpoise) minus  the  weights  last  added,  will 
>e  the  weight  of  the  body  in  air.  It  is  now 
taken  from  A,  and  placed  in  C;  it  will  there 
weigh  as  much  leas  aa  the  wdght  lost  in  water.  We  have  now 
the  data  for  determining  the  specific  gravity  of  the  solid.  For 
example :  if  the  counterpoise  weighed  S&O  grs.,  and  the  mass  of 
lead  whose  weight  we  wish  to  ascertain,  requires  50  grs.  t4>  be 
added  in  order  to  bring  it  to  the  point  0,  then  (250—60)  200  is 
the  weight  of  the  lead  in  air ;  placing  now  the  mass  on  C,  wo 
should  find  that  it  would  require  the  addition  of  17'47  grs.  on  A, 
in  order  to  counterbalance  it;  consequently  the  specific  gravity 
isIIM.  (for  200  -*■  1717—  11-46.)  Ifthe  substance  is  lighter 
than  water,  we  confine  it  under  a  little  cage  of  iron  wire  placed 
on  0,  which  proTentH  its  rising. 

205.  Specific  gravity  bottlei  ore  made  of  various  forms  and 
sizcfl,  according  to  the  particular  object  to  which  they  are  to  be 
applied.  The  more  common  variety  consiiitfi  of  a  small  light 
flask,  (holding  from  100  to  1000  grains,)  with  an  accurately  fitting 
stopper.  Tticre  is  often  a  small  hole  through  the  stopper,  to 
allow  the  escape  of  any  excess  of  liquid  which  may  have  been 
placed  in  the  Hask  during  lilting. 

Abetter  form  is  seen  in  fig.  l(i^,  in  which  the  stopper  is  hollow, 
and  fits  the  flask  so  perfectly,  that  any  liquid  may  be  easily  re- 
moved _from  the  joint  Fig.  170  represents  a  form  of  specific 
gravily  fiosk,  which  ha.s  advantages  over  most  others.  The  flask 
is  filled  to  a  jioint  A  on  tlic  sicui,  the  interior  upper  piirt  wiped 
perfectly  clean,  and  the  stopper  then  iusiTieJ.     If  the  liquid  ex- 


254.  Whal  ia  Hicholsoo'a  areomelerT  liow  is  the  apecific  gravity 
of  a  lolid  dfltermined  by  Uiia  ituitrumeDtl  Gira  tbe  eiatiiple.  26ft. 
I>eKribe  the  ordinary  ipeeific  gravity  Baik.     Hentieii  oilier  forma. 
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panda,  it  will  rise  in  the  tube,  but  cannot  overflow  and  soil  the 

iro 
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exterior,  an  would  be  the  case  were  other  bottles  used.  In  this 
fomi  there  is  no  danger  of  loss  fVom  evaporation.  In  many  specific 
gravity  bottles,  a  small  thermometer  is  placed  in  the  stopper,  that 
the  temperature  of  the  liquid  during  the  operation  may  be  noted. 
266.  Method  with  a  flaak. — We  use  this  method  only  for  de- 
termining the  specific  gravity  of  solids  in  powder.  A  small 
bottle  or  flask  with  an  accurately  ground  stopper  is  used.  Having 
carefully  filled  the  flask  with  water  and  dried  it,  we  place  it  on 
the  balance,  together  with  the  powder,  whoso  specific  gravity  we 
wish  to  determine,  and  whose  weight  in  air  we  know,  after  having 
counterbalanced  it,  we  take  the  flask  ih)m  the  pan  and  throw  in 
the  powder,  and  then  replace  the  stopper ;  a  portion  of  the  water 
is  displaced  by  the  powder ;  after  diying  the  flask,  wc  place  it 
upon  the  pan  and  countcr-ljalance.  The  number  of  grains  added, 
reprenents  tlio  weight  of  a  volume  of  water  equal  to  that  of  the 
powder.  The  calculations  are  made  in  the  same  manner  as  in 
the  other  coses. 


266.  IIow  18  the  spcoific  gmvity  of  a  tabeitance  in  powdor  deter- 
mined f    267.  How  la  the  specific  gravity  of  a  liquid  deteriuiued  by 


the  balanee  t 
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267.  Spadfio  gravity  of  Uqnida  by  tba  halwinii. — ^To  one  ann 

of  the  balance,  we  attach,  by  means  of  a  wire,  a  solid  (as  pla- 
tinum,) on  which  the  liquid  whose  specific  gravity  we  wish,  has 
no  action ;  then,  after  weighing  the  platinum  in  air,  we  wei^  it 
in  water,  and  then  in  the  giyen  liquid,  as  oil,  we  obsenre  the  loss 
of  weight  the  mass  undergoes  in  these  two  liquids ;  those  two 
numbers  (the  losses)  represent  the  weight  of  equal  rolumes  of 
water  and  the  unknown  liquid. 

Exampla  The  platinmn  weighs  276  gra  in  air,  in  water,  ^62*5, 
losing  12*5  gra. ;  in  oil,  268'76  gra,  losing  11-25  grs. ;  tlien  11*25  -i- 
12*5  =  '9,  speoific  gravity  of  the  oil 

268.  Areometers. — These  instruments  generally  consist  of  a 
171        glass  tube,  terminated  by  a  globe  or  long  bulb,  loaded 

with  mercury  or  shot,  fig.  171,  so  that  they  may  as- 
sume a  perpendicular  position  when  placed  in  liquids. 
Upon  or  within  the  tube  is  a  properly  graduated 
scale,  which  allows  of  the  determination  ik  the  density 
of  the  body  by  the  greater  or  less  depth  it  sinks  in 
the  liquid.  Hydrometers  for  liquids  lighter  than  wa- 
ter, sink  to  such  a  depth,  if  inmierscd  in  pure  water, 
that  the  glass  tube  with  the  scale  stands  above  the 
surface,  those  for  liquids  heavier  than  water,  sink  in 
that  fluid  to  the  very  top  of  the  scal&  In  both  species, 
the  water  line  is  marked  with  0^  or  1,  and  the  figures 
I  on  the  scale  give  the  specific  gravity  corresponding  to 
the  depth  of  the  immersion.  Very  often  the  figur^ 
on  the  scale,  (and  these  are  much  the  more  convenient,) 
indicate  at  once  the  specific  gravity.  More  often, 
however,  the  hydrometers  are  graduated  in  an  arbi- 
trary manner.  Besides  the  areometers  by  which  the 
specific  gravity  of  any  fluid  may  be  determined,  others 
arc  made  for  particular  liquids.  In  which  case,  the 
^^  scale  is  so  graduated  as  to  express  the  component 
^^  parts  per  cent,  by  weight  or  volume.  Such  arc  called 
per  cent  areometers  or  hydrometers,  and  are  named  after  th^ 
liquid  they  are  used  for  testing,  as  acid  hydrometers,  beer  hydro- 
meters, wine  hydrometers,  Ac.     Baum^s*  hydrometers  are  very 

268.  What  arc  Areometers  t  What  is  said  of  hydrometers  for  li- 
quids lighter  than  water}  What  of  thoso  for  liquids  heavier  than 
water  f 
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much  used,  being  constructed  for  fluids  both  heavier  and  lighter 
than  water.  The  one  for  the  more  dense  fluids,  sinks  in  pure 
water  to  the  zero  point  of  its  scale ;  this  is  its  highest  point.  The 
lowest  point  on  the  scale  is  15°,  to  which  it  descends  when  im- 
mersed in  a  solution  of  fifteen  parts  of  common  salt,  in  eighty -Ave 
of  water.  Fifteen  degrees  are  marked  between  these  two  ex- 
treme points.  The  one  for  fluids  lighter  than  water,  has  its  zero 
at  the  point  to  which  it  sinks  in  a  mixture  of  ten  parts  of  common 
salt,  and  ninety  of  water,  and  ten  degrees  where  it  stands  in  pure 
water.  The  space  between  these  two  points  is  divided  into  ten 
degrees.  In  both  these  hydrometers,  the  scale  of  equal  divisions 
is  extended  throughout  the  length  of  the  tube. 

2G9.  By  the  ■psdfio  gravity  bottle. — ^In  order  to  determine 
the  specific  gravity  of  a  liquid,  use  is  made  of  a  small  fiask  or 
bottle.  The  weight  of  the  bottle  being  known,  it  is  first  filled 
with  water  and  weighed,  afterwards  with  the  liquid,  whose  spe- 
cific gravity  is  desired,  and  again  weighed ;  we  have  now  the 
weights  of  equal  volumes  of  water  and  of  the  second  liquid, 
from  which  we  deduce  the  specific  gravity. 

Example.  Supposing  the  bottle  held  852  grains  water,  and  784 
grains  of  oil,  the  specifie  gravity  of  the  oil  is  '921,  for  784  +  S62  = 
*92 1 .  Very  often  tiie  bottle  is  made  to  hold  jost  1000  grains  of  water, 
then  upon  determining  the  number  of  grains  of  the  fluid  of  un- 
known density  it  holds,  we  have  at  once  its  specific  gravity. 

What  is  said  of  the  zero,  and  the  scales  f  What  is  said  of  per  cent, 
areometers?  Describe  Baamt;'s  hydron^eterfor  liquids  lighter  than 
water.  Those  for  liquids  heavier  than  water.  269.  Ilow  is  the 
specific  gravity  flask  used  to  determine  the  density  of  a  liquid  f 
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HYDRAULICS. 


270.  Hydranlicfl,  (firom  htidor,  water,  and  auloi^  a  pipe,)  is 
that  part  of  hydro-dynamics  which  treats  of  the  art  of  conducting 
and  elevating  fluids,  especially  water,  and  the  construction  of  all 
kinds  of  instruments  and  machines  for  moving  them,  or  to  be 
moved  by  them. 

271.  Pressure  of  fluids  iq;>on  the  containing  vsaL — When  a 
vessel  is  filled  with  water  or  any  other  liquid,  its  sides  are  sub- 
mitted to  two  pressures  acting  in  contrary  directions.  The  at- 
mospheric pressure,  acting  from  without  inwards,  and  the  pres- 
sure of  the  column  of  fluid  acting  outwards  against  the  sides. 
If  a  vessel  so  circumstanced  has  one  of  its  Sides  pierced,  and  the 
pressure  from  within  outwards  is  stronger  than  the  external 
pressure,  the  liquid  will  flow  out ;  whUe  if  the  external  pressure 
is  the  stronger,  the  fluid  will  not  escape.  This  may  be  shown 
by  filling  a  glass  vessel,  as  a  wine  glass,  with  water,  placing  a 
piece  of  paper  over  its  top,  and  then  carefully  inverting  it  Holding 
it  in  this  position,  the  fluid  will  not  escape,  the  external  (atmos- 
pheric) pressure  against  the  paper,  being  greater  than  the  weight 
of  the  column  of  water  pressing  downwards.  The  mass  of  liquid 
escaping  from  an  orifice  in  a  vessel,  is  called  a  vein, 

272.  Appearance  of  the  suxface  during  a  disohaxga. — ^A  vessel 
containing  liquid,  discharging  itself  by  means  of  an  orifice,  does 
not  always  preserve  a  horizontal  surface.     When  the  vein  issues 
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270.  AMi at  is  hydraulics?  271.  WhatisBaiJ  ofthoprewures  upon 
a  vessel  filled  with  liquid  f  How  may  this  be  shown  I  What  is  a 
vein  t  272.  What  is  the  appearance  of  the  surface  of  a  vessel  dis- 
charging liquid  from  an  oritico  in  its  lower  (mrt  or  iu  ita  tide  7 
Wliat  do  the  movemonts  depend  upon  f 
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from  an  orifice  in  the  bottom  of  a  Tessel,  and  the  level  of  the 
liquid  is  near  the  orifice,  the  liquid  forms  a  fimnel-pipe,  fig.  172 ; 
if  the  liquid  had  a  rotary  moTement,  the  funnel  is  formed  sooner. 
If  the  orifice  is  at  the  side  of  the  vessel,  there  is  a  depression  of 
the  surface  upon  that  side,  above  the  orifice,  fig.  178.  These 
movements  depend  upon  the  form  of  the  vessel,  the  height  of  the 
liquid  in  it^  and  the  ^mensions  and  form  of  the  orifice. 

273.  neorem  of  TorzioallL — ^When  a  liquid  escapes  from  an 
orifice  in  a  vessel,  owing  to  the  excess  of  the  internal  pressure, 
the  volume  which  escapes  depends  on  the  section  of  the  orifice, 
and  the  velocity  with  which  the  liquid  molecules  move  at  the 
moment  of  their  escape  from  it 

This  velocity  depends  upon  the  density  of  the  liquid,  the  excess 
of  pressure  at  the  opening,  and  the  friction  of  the  liquid,  both 
at  the  opening  and  against  the  walls.  When  the  aperture  is 
made  in  a  very  tbm  wall  of  a  large  vessel,  so  as  to  remove,  as 
much  as  possible,  the  causes  tending  to  modify  the  motion  of  the 
escaping  fluid,  the  laws  of  the  escape  are  comprised  in  the  fol- 
lowing theorem,  discovered  by  Torricelli,  in  1048,  as  a  conse- 
quence of  the  law  of  the  fiill  of  bodies  discovered  by  Galileo. 
Liquid  moUeuU%^  flawing  from  an  or\fieey  have  the  same  velocity 
ae  if  they  fell  freely  in  vaeuo^  from  a  height  equal  to  the  ver- 
tical distance  from  the  surface  to  the  centre  of  the  orifice, 

274.  DednodoiuifromtheToiTioelllanThaorenu — 1. — Thevelo- 
city  depends  on  the  depth  of  the  orifice  from  the  surface,  and  is  in- 
dependent of  the  density  of  the  liquid.  Water  and  mercury  in 
vacuo  would  fidl  from  the  same  height  in  the  same  time ;  and  so 
escaping  fit>m  an  orifice  at  the  same  depth,  below  the  surfiice, 
would  pass  out  with  equal  velocity ;  but  mercury,  being  18*6 
times  as  heavy  as  water,  the  pressure  exerted  at  the  aperture  of 
a  vessel  filled  with  mercury,  will  be  13*6  times  as  great  as  the 
pressure  exerted  at  the  aperture  of  a  vessel  filled  with  water. 

2. — 7^  velocity  of  liquids  is  as  the  square  roots  <(f  the 
depths  of  the  or\fiees  hehw  the  surfaces  of  the  liquids. 

Thus  stating  the  velocity  of  a  liquid  escaping  from  an  orifice  one 
foot  below  the  surface,  to  be  one  ;  ftt>m  a  similar  orifice  four  feet 


273.  What  does  the  volume  of  the  liqaid  eecaping  from  an  orifice 
depend  upon  f  Upon  what  does  its  velocity  depend!  State  the  The- 
orem of  Torricelli.  274.  What  ia  the  first  deduction  drawn  from 
Torricelli's  theorem  f  Give  the  illustration  of  water  and  mercury. 
What  is  the  2d  deduction  f    Give  illustrations  of  this  deduction. 
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below  the  surfiioe,  it  will  be  twOf  and  at  nine  feet  three^  at  sixteen 
feet /our,  and  soon. 

275.    Theoretical  and  aotnal  flow. — ^The  actual  flow  from 
an  orifice,  is  the  volume  of  liquid  which  escapes  from  it  in  a 
given  time.     The  theoretical  flow,  is  a  volume  equal  to  that  of  a 
cylinder  which  has  for  its  base  the  orifice,  and  for  its  height  the 
velocity,  furnished  by  the  theorem  of  TorricellL     That  is,  the 
theoretical  flow  is  the  product  of  the  area  of  the  orifice  multi- 
plied by  the  theoretical  velocity.     It  is  observed  that  the  vein 
escaping  from  an  orifice,  contracts  quite  rapidly,  so  that  its  di- 
ameter is  soon  only  about  two-thirds  of  the  diameter  of  the  ori- 
fice.   If  there  was  no  contraction  of  the  vein  after  leaving  the 
orifice,  and  its  velocity  was  the  theoretical  velocity,  the  actual  flow 
would  be  the  same  as  that  indicated  by  theory.    But  its  section 
is  much  less  than  at  the  orifice,  and  its  velocity  is  not  so  great 
as  the  theoretical  velocity,  so  that  the  actual  flow  is  much  less 
than  the  theoretical  flow ;  and  in  order  to  reduce  this  to  the  first,. 
it  is  necessary  to  multiply  it  by  a  firaction  which  is  named  **  the 
co-efficient  of  contraction." 

From  comparative  experiments  made  by  a  great  number  of 
observers^  it  is  learned  that  the  actual  flow  is  only  about  two- 
thirds  of  the  tlieoretical  flow. 

270.  Means  for  obtaining  a  constant  discharge. — In  order  to 
verify  many  of  the  laws  of  hydraulics  in  an  accurate  manner,  it 
is  necessary  to  maintain  a  constant  pressure  on  the  escaping 
liquid,  thereby  obtaining  a  constant  velocity  at  the  orifice.  This 
muy  be  done  in  various  ways,  as  by  allowing  the  water  to  flow  into 
the  reservoir  in  a  little  larger  quantity  than  can  escape  from  the 
orifice  ;  the  excess  being  discharged  through  a  tube  or  orifice  at 
the  upper  edge  of  the  reservoir.  Also  by  means  of  the  syphon, 
an  instrument  which  will  be  hereafter  described. 

277.  Oonstitution  of  veins. — The  form  and  constitution  of 
liquid  veins  have  been  studied  by  Savart 

He  observed,  Ist,  that  the  fluid  issuing  vertically  firom  an  ori- 
fice made  in  a  plane,  and  thin  horizontal  wall,  is  always  com- 
posed of  two  distinct  parts,  fig.  J  74,  the  portion  nearest  the  ori- 


275.  Wliftt  is  meAnt  by  the  actual  flow  from  nn  oriticet  What  it 
the  theoretical  flow?  Wlmt  in  moant  by  the  oo-eflicient  of  oontrae- 
tiou  ?  Whatj»roj»ortioii  dt>c«  tlie  actuai  flow  bear  to  the  t]ieor<>tical 
flow  7  276.  What  nieaus  are  used  for  obtaiuiiig  a  constant  di»charg« 
of  liquid  from  a  Tessel  \ 
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fice  is  calm  and  transparent,  like  a  rod  of  glass,  gradually  de- 
creasing in  diameter.    The  second,  on  the  con-  ^^^ 
trary,  is  always  agitated,  and  takes  an  irregular 
fbrm,  in  which  are  regularly  distributed  elon- 
gated swellings,  called  ventres^  whose  mAxi-| 
mum  diameter  is  greater  than  that  of  the  ori- 
fice. 

2. — ^In  the  second  part  of  the  vein,  the  liquid 
is  not  continuous ;  for  if  we  employ  an  opaque 
liquid,  as  mercury,  we  can  see  through  the 
vein,  fig.  176.  The  apparent  continuity  in  a  vein 
of  water,  is  owing  to  the  fact,  that  the  globules 
which  constitute  it  saooeed  each  other  at  a  dis- 
tance inappreciable  to  the  eye.  Savart  found 
that  the  ventret  are  formed  of  disseminated 
globules,  elongated  in  the  tranverse  direction 
of  the  vein,  and  that  the  contractions  or  knots 
are  formed  of  globules,  elongated  in  the  longi- 
tudinal way,  fig.  175.  He  also  found  that  the 
limpid  part  of  the  vein  is  formed  of  annular 
swellings  which  originate  very  near  the  orifice, 
propagating  themselves  at  unequal  intervals  to 
the  troubled  part,  where  they  separate,  of  the 
same  form  at  the  instant  of  their  separation, 
but  changing  periodically. 

8. — ^The  annular  swellings  arise  firom  a  peri- 
odical succession  of  pulsations  near  the  orifice, 
which  must  be  produced  by  very  small  oscilla- 
tions of  the  entire  mass  of  the  liquid,  so  that  the  velocity  of  the 
flow  is  periodically  variable.  The  number  of  these  pulsations 
is  in  direct  ratio  with  the  swiftness  of  the  flow,  and  in  inverse 
ratio  with  the  diameter  of  the  orifice ;  they  are  sufficiently  rapid 
and  regular  to  give  rise  to  a  well  characterised  sound.  The  air 
has  no  influence  on  the  dimensions  of  the  veins,  or  on  the  sound 
they  produce. 

277.  What  two  distinct  parta  have  been  observed  by  Savart  in  a 
liijuid  vein  f  What  is  said  of  the  second  part  of  a  liquid  vein  f 
Wliat  is  said  of  the  constitution  of  these  ventres  ?  What  is  the 
limpid  part  of  the  vein  formed  of?  What  is  the  course  of  these 
annular  swellings!  What  is  said  of  the  number  of  pulsations ? 
What  is  the  effect  of  the  sonnding  of  a  musical  instrument  near  the 
veins  f 
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4. — ^If  we  produce,  with  a  mugical  instrument  at  some  distance, 
the  same  or  a  similar  sound,  the  vein  undergoes  a  remarkable 
modification ;  the  swellings  and  knots  assume  more  regularitr, 
and  usurp  the  transparent  part,  which  almost  entirely  disap- 
pears, the  flow  of  the  liquid  from  the  orifice  remaiDing  the 
same  as  at  first 

6. — ^The  constitution  of  veins  thrown  out  in  any  direction  is 
essentially  the  same ;  but  the  number  of  pulsations  is  diminished 
in  proportion  as  the  vein  is  thrown  out  more  vertically  upwards. 
278.  Oontraotion  of  the  vein. — ^The  vein,  escaping  from  a  cir- 
cular orifice,  preserves  a  circular  section,  but  a  varying  diameter. 
Its  diameter  at  first  being  equal  to  the  orifice,  ia  diminished  n- 
pidly,  until,  at  a  distance  a  little  greater  than  its  first  diameter, 
the  section  of  the  vein  is  but  about  two-thirds  that  of  the  orifice. 
If  the  vein  flows  directly  downwards,  the  decrease  in  siie  con- 
tinues to  the  troubled  part  If  the  jet  issues  horiiontally,  the 
decrease  is  scarcely  noticeable ;  if  it  is  directed  upwards,  at 
an  angle  of  25''  to  45^,  the  vein  preserves  its  own  diameter ;  but 
if  its  angle  surpasses  45^,  its  section  increases  to  the  troubled 
part 

By  suspending  solid  particles  in  the  water,  we  render  the  cur- 
rents that  are  formed,  visible.     These  solid  particles  direct  them- 
176  selves,  in  curved  lines,  towards  and  into 

the  orifice,  as  a  centre  of  attraction,  fig. 
176.  The  particles  in  immediate  contact 
with  the  orifice,  not  moving  so  easily  as 
those  within,  must  cause  contraction ;  soi 
also,  wo  can  see  that  gravity  in  accelerating 
the  velocity,  must  cause  continual  decrease 
in  the  section  of  the  jet 

279.  Bscape  of  liquids  thnmgli  aliott 
tubes. — We  often  place  in  an  orifice,  to 
increase  the  flow,  a  short  tube,  (called  an  adjutnge)  either  cylin- 
drical or  conical.  If  the  vein  pass  through  the  tube  wiUiout 
adhering  to  it,  the  flow  is  not  modified ;  if  the  vein  adhere,  (the 
liquid  wetting  the  interior  walls,)  the  contracted  part  is  dilated. 
and  the  flow  increased.     In  the  last  cose,  and  with  a  cylindrical  ad- 

Whnt  influence  has  the  direction  of  tlie  vein  upon  its  constitution  I 
278.  What  iit  said  of  the  contraction  of  the  vein  ?  What  is  said  of 
the  contraction  if  the  direction  of  the  vein  is  «lirect1y  downwards  I 
What  when  issuing  horizonUlly  t  How  may  these  currents  be  seen  I 
27U.  What  is  said  of  tlie  escape  of  liquids  through  short  tubes  I 
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jutage,  its  length  not  being  more  than  four  times  its  diameter, 
the  flow  is  augmented  about  one-third.  Conical  cones,  converging 
towards  the  exterior  of  the  reserroir,  increase  the  flow  still  more 
than  the  preceding,  the  0ow  and  yelocitj  of  the  vein  yarying 
with  the  angle  of  conyergenoeL  Conical  adjutages,  diyerging 
towards  the  exterior,  giye  the  greatest  flow ;  they  may  giye  a 
flow  2 — i  times  as  great  as  that  which  an  orifice  of  the  same  di- 
ameter in  a  ihm  wall  furnishes,  and  1*46  times  greater  than  the 
theoretical  flow. 

280.  Baoape  of  liquids  throogh  long  tubes. — ^When  a  liquid 
passes  through  a  long  straight  tube,  the  flow  soon  diminishes 
greatly  in  velocity,  because  of  the  firiction  which  takes  place  be- 
tween the  liquid  particles  and  the  walls.  It  is  again  further  di- 
minished by  the  same  cause,  if  there  be  any  bends  or  curves  in 
the  tube.  The  discharge  is  very  much  less  than  it  would  be 
firom  an  oriflce  in  a  thin  wall,  and  therefore  the  tube  is  generally 
inclined ;  the  liquid  then  passes  down  an  inclined  plane,  or  it  is 
forced  through  by  pressure,  applied  at  the  opposite  end. 

281.  Baoape  of  Uqidds  from  oapiUary  tabes. — ^Fluids  escaping 
from  capillary  tubes,  (tubes  having  a  fine  or  hair-like  bore,)  are 
subject  to  the  following  laws,  (the  tubes  being  of  glass.) 

1. — For  the  same  tube  the  flow  is  proportioned  to  the  pressure. 

2. — ^With  tubes  having  an  equal  pressure  and  length,  the  flow 
is  proportional  to  the  4th  power  of  their  diameters. 

8. — For  the  same  pressure  and  the  same  diameter,  the  flow  is 
in  inverse  ratio  to  their  length. 

4. — ^The  flow  increases  with  the  temperature. 

The  inequalities  in  the  flow  of  different  liquids  under  the  same 
circumstances  does  not  seem  to  depend  on  their  viscosity  or  their 
density ;  for  alcohol  flows  slower,  and  oil  of  turpentine,  or  sugar 
solution,  frster  than  water.  So  also  nitrate  of  potash  soluticm, 
flows  fiwter  than  pure  water,  and  serum  flows  less  swiftly ;  alcohol 
added  to  serum  retards  its  movement,  while  if  nitrate  of  potash  so- 
lution beadded  to  the  mixture,  the  serum  recovers  its  usual  ve- 
locity. These  experiments  made  with  g^ass  tubes,  were  repeated 
on  the  bodies  of  animals  recently  killed,  by  injecting  the  various 

What  is  the  amount  of  flow  with  a  eyiindrical  adjutage  f  What  it 
•aid  of  the  effect  of  eonioal  tabes f  What  form  ^ves  the  greatest 
flow  f  How  does  the  aotual  flow  theneompare  with  the  theoretical 
flow  f  280.  What  is  said  of  the  escape  of  liquids  throuffh  long 
tubes  1  281.  What  are  the  laws  of  tiie  escape  of  liquids  Uiroogh 
capillary  tubee  f 


fluids  iato  the  principal  •rtoriee.  The  rosulta  were  found  to  ac- 
cord, toncUng  to  proTO  thit  the  drculition  of  Mood  »nd  other 
fluids  in  the  arteries  and  veins  of  living  Iwdies,  is  subject  to  the 
samu  laws  aa  the  flow  of  liquids  in  capillary  tubes  of  glairs. 

862.  Jeta  of  watar. — As  the  volodty  of  a  liquid  escaping  from 
an  orifice  is  the  same  as  that  which  a  body  acquires  falling  from 
a  height  equal  to  the  distance  from  the  level  of  th«  liquid  to  the 
oriflco,  a  jet  of  water  eBcaping  from  a  horizontal  opening,  up- 
wards, should  rise  to  the  level  of  the  liquid  in  the  reservoir. 
But  this  never  quit«  takes  place,  (fig.  177,)  because  of— Ist, 
177  the  friction  in  the  conducting  tubes 

deatroying  the  velocity — Sd,  the 
e  of  the  air — 8d,  the  re- 
tummg  water  blling  upon  that 
which  IS  rising.  The  height  of  the 
jet  18  increased  by  having  the  orifi- 
ces very  small,  in  comparison  with 
the  conducting  tube;  piercing  them 
in  a  very  tliin  wall,  and  inclining 
the  jet  a  little,  thus  avoiding  the 
effect  of  the  returning  wAtcr. 
"  283     Velooltiea   of   atrMma^ 

The  \Llocitv  of  BtrLams  vanes  very  much.  The  slower  class  of 
riven  have  n  vilocity  of  less  than  three  feet  per  second,  and  the 
more  rapid,  iiK  much  as  six  feet  per  second,  which  gives  rc- 
Bpcctivi<ly  alioiit  two  and  four  miles  per  hour.  The  vch>dtics 
vary  in  iliflVrctil  pnrtsof  the  same  transverse  section  of  a  stream, 
for  the  air  upon  the  surlitce  of  the  water,  as  well  also  as  the  solid 
178  bottom  of  the  stream,  lias  a 

''Certain  eRect  in  retarding  the 
current  The  velocity  is  found 
to  be  greatest  in  tlie  iniddli^ 
where  tlie  water  is  deepest,  fig 
178,  somewhere  in  in,  below  the  surfkcc ;  then  it  decreases  with 
tlie  deptli,  townrds  the  stdL-s,  being  least  at  a  and  b. 

x». — To  measure  the  velocities  of  stream!, 
Dipluytd.     The  most  simple  is  n  glass  Ijottle 


What  is  said  of  v 


idl     What  u  !<itiJ  of  tvTU 


Vi'iiy  domiot  lli«  jet  ritu  to  tin'  lliooreliral  iicightf 

height  1m  Incrcaudl     :ili3.  What  iBMidufUicTolociliviof  Btreanial 

Where  ii  tbu  velocity  gri'itioil 
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filled  with  wftter,  Himk  Just  below  the  lerel  of  the  cnrrent,  uid 
provided  ftttbe  coik  with  ftsmallfiag,  that  stands  above  the  surface. 
Or  >  wheel  may  be  used,  funiiBhed  with  float-boorda,  placed  in  the 
stream  and  immencd,  so  that  the  whole  surikce  of  the  boards 
arc  covered  with  water.  The  fiiiction  in  this  case  is  verj  small,  so 
that  the  wheel  revolves  with  veij  uearlj  the  velocity  of  the  stream. 
By  observiog  the  number  of  revolutiotis  of  the  wheel  in  a  given 
time,  we  can  ascertain  the  npidity  of  the  current  To  wceit^  the 
Telocity  at  different  depths,  the  simpleat  instrument  is  Pictot's 
tube :  it  consists  of  a  tube  bent  nearly  at  ri^t  angles,  terminated 
by  afunnel-shapedmoutli,  the  upper  part  of  the  tube,  above  water, 
is  of  glass.  In  order  to  ohacrve  with  this  instrument,  it  it  placed  in 
the  direction  of  the  stream,  at  the  depth  we  wish  to  ascertain  its 
velocEty.  If  the  water  was  atiU,  the  h^gbt  within  and  without  the 
tube  would  be  equal,  but  if  it  is  in  motion,  the  water  will  rise 
in  the  tube  to  counterbalance  the  force  with  which  the  water  is 
impelled,  (the  impulse  of  the  stream,)  the  column  of  wat«r  in 
the  tube  rising  higher  as  the  velod^  of  the  stream  is  greater. 

880.  Wator-whads. — The  motive  power  of  water  is  of  extmt- 
■Ive  practical  importance,  ftom  the  number  of  machine*  driven 
by  water-wheels. 

^M  oraHdwt  vheeL — Fig.  179  Is  used  when  the  supply 
of  water  is  modente  and  variable^  179 

The  water  is  delivered  at  the  top  of  ^ 
the  wheel,which  may  move  with  the 
hands  of  a  watch,  as  in  the  figure,  or 
the  reverse.     It  is  furnished  with 
buckets  of  such  a  shape  as  to  retain 
M  mndi  of  Uie  water  as  possible, 
until  they  reach  the  lowest  practica- 
ble point  on  the  wheel,  andnonoafler  ^ 
that  point.    In  this  wheel  the  effect  is  produced  both  by  impact, 
and  by  the  weight  of  the  w»ter. 

The  mOar^K*  whert.— Fig.  180  receives  its  impnUe  at  the 
bottom;  it  is  fiimished  with  float-boards  instead  of  buckets. 
If  they  are  pUced  at  right  angles  to  the  rim  of  tiie  wheel, 
they  may   turn  cithor  way.     When  the  wheel  is  required  to 

SS4.  WhatareitresmnieuDreT*)  What  iithemoit limpIeT  I>e- 
■eribe  other  fomu  of  atresin  mMinrenl  Wliat  i*  IMotot's  tnbet 
Dweribe  its  mode  of  action.  M&  D«Mribe  tiie  over-diot  wheel 
How  is  the  effect  prodaeed  in  thii  wheel  t 
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turn  only  in  one  direction,  the  floM-boards  ue  placed  u  in  the 
180  figure,  ho  as  to  rcpresi^iit  an 

acut«  angle  towRrda  the  cur- 
rent, the  nuturacts  then  partlj 
by  iU  weight. 

"nte  bresit  itImA — Fig. 
181  is  moved  both  by  the 
weight  &nd  momentiua  of  the 
_iirater.  It  is  furnished  with 
bwckels,  fijimed  to  retain  tba 
^walerasloii;;wipo8sibte.  The 
~brcast'nhi'>jl  is  the  fomi  most 
generally  adopted,  as  it  allows  of  a  larger  diameter  for  a  given 
&11  than  the  orershot-wheel,  with  more  economy  of  power  than 
the  uadcrahot-wheeL  According  as  the  water  is  received  above 
or  bolow  half-past  nine,  or  half-put  throe  on  the  watch,  the  wheel 
is  called  a  high  or  low  breist  wheeL 

181  A  more  distinct  idea  of  these 

different  water  wlieela  may,  per- 
haps, be  guned  by  illuBtratioii  from 
the  face  of  a  watch.  la  the  breast 
_whcel,  Uie  water  may  be  rereivcii, 
■(accortling  to  the  desired  motion  of 
■the  wheel,)  between  eip;ht  nii-1 
TTcleven  o'clock,  or  between  one  uxl 
U  four  o'clock.  In  the  orer-vhot 
wheel,  the  motion  usually  is  tbv 
a  direction  as  the  hands  of 
the  watch.  The  water  is  received  as  near  the  summit  as  possibly 
and  the  buckets  ore  so  K)iiii>cd  as  to  retnin  the  water  to  the  lowest 
practicable  point  in  its  descent,  corresponding  to  about  five  on  the 
face  of  the  waU-h. 

The  tartdne  is  a  horizontal  watcr-whod,  revolving  entirely 
Bubnicrf^eil,  and  is,  of  all  fonnit  of  water-wheel,  the  most  ena- 
gcliu  and  economical  of  (lOwer.  Tlie  water  descends  in  the  vcr- 
ticnl  axis  of  the  wbeL-l,  and  is  delivercil  through  a  great  number 
of  eurveil  buckets,  mi  nrruiiFfed,  thai  the  escaping  water  is  nearif 
a  taii^'iit  to  the  liiiuneliT  of  the  wheel.     It  runs  in  a  slationair 

tVliut  i«  mi.!  of  lli«  un.U-r  >}wt  «'livi>1 1  Wlmt  it  <aic1  of  the  llnaf 
booi'ilsiii  lliia  wh<>L'l  F  Wtiiil  if  vaiJ  oft.lic  Lrtntt-viievJ  I  lliustralt 
the  D[>eratiDii  of  ilic4u  wheola  from  Ihe  fauu  uf  a  watch.  Wliat  it 
the  lurbiue  wheel ) 
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case,  kino  provided  with  cells,  cuired  in  the  oppotito  direclioii, 
thruugh  mud  against  which  the  cacaping  water  acts.  Over  80 
parts  in  a  hundred  of  tbo  whole  power  are  saved  by  this  wheel. 

Capillarity, 

2SG.  OapUlaiy  phenomMUL— The  laws  of  the  equilibrium  of 
liquids  of  which  we  have  treated,  do  not  obtain  unless  the  vessels 
are  of  conisidcrablc  diameter;  when  the  vessels  are  very  Binall, 
the  laws  of  eiiuilibrium  arc  entirely  difforenL  For  example : 
when  we  plunge  a  tube  of  very  small  diameter,  open  at  both 
cndti,  in  a  liquid,  if  the  tube  becomes  wot,  the  liquid  is  elevated 
within  and  upon  the  outside,  and  maintained  at  a  height  more 
conKiiUTablc  as  the  diameter  of  the  tube  is  smaller,  flg.  183.  If 
the  tubo  docs  not  become  wet,  there  will  be  a  depression,  greater 
a»  tite  tube  is  of  smaller  diameter,  fig.  188. 


•2A-;,  Lawiofthsrliaandfkllof  UqnUalnc^dlUrytabai. — 
It  has  been  doBMMuitratcd  by  U.  Oay  Lussac,  that  the  elevation 
and  depression  of  liquids  in  capilbry  tubes  is  in  accordance 
with  the  Ihres  following  Ibitb  : — 

IsL — TTiere  it  an  tlnatian  tekea  the  Uguid  tBtt*  the  tube,  and 
a  lifpTtmau  ahth  it  doet  not. 

3d — The  rhratiim  and  dtprewion  are  in  an  interie  ratio  to 
the  diaiiiettn  of  the  tithe*  vhcn  the  dianutert  do  not  exceed  2  or 
S  tn.  m.  (■0;RT4,  to  -IIHU  inchus.) 

:iiL — The  eltirttHon  find  ilej/reuioa  wtrff  leith  the  nature  <if  the 
liqii'l  and  the  trm/ientture,  and  i»  iudepeadent  ijftheeuhttanee 
tif  Iho  tahet  ithd  Ihirtnea  of  their  vall». 

^■Vi.  Oausa  of  capUlarity. — ^inco  capillary  phenonicna  take 
]ilai-u  an  well  in  the  alniosiihere  aa  in  a  vacuum,  it  in  plain  that  the 
uir  linen  not  inllucncc  their  production,  lint  tiiat  thcj  arc  duo  to  the 


is  Uia  eauH  of  capillarity  1 
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molecular  attraction  of  the  liquid  on  itseli|  and  on  the  sahstanee 
of  the  solid  body ;  actions  which  are  manifested  onlj  at  very 
small  distances. 

289.  Oause  of  the  curve  of  liquid  luzfiicea  by  the  contact  of 
solids. — The  form  of  the  surfiice  of  a  liquid  in  contact  with  • 
solid,  depends  upon  the  relation  which  exists  between  the  at- 
traction of  the  solid  for  the  liquid,  and  the  liquid  particles  for 
each  other.  Any  liquid  particle,  as  m^  fig.  185,  is  submitted  to 
three  forces,  via :  1st,  of  grayity,  which  acts  in  the  direction  m  j>, 
2d,  the  attraction  of  the  liquid  particles,  acting  in  the  directioo 
m  F,  and  8d,  the  attraction  of  the  solid  acting  in  the  direction  a 
m ;  according  to  their  intcnnties  the  resultants  of  these  forces  may 
take  three  directions. 

If  the  attraction  of  the  liquid  particles  is  double  that  of  the  tolid 
for  the  liquid,  the  surface  of  the  liquid  will  be  perpendicular  to  the 
resultant  m  B,  fig.  184,  and  it  will  remain  leTeL  If  the  attraction 
of  the  liquid  particles  is  less  than  double  that  of  the  solid  for  the 
liquid,  the  resultant  will  have  the  direction  m  H,  fig.  185,  and  the 
184  185  186 


surface  will  bo  concave ;  while  if  the  attraction  of  the  liquid  psi<- 
ticles  is  greater  than  double  of  the  solid  for  the  liquid,  the  reeoltaat 
will  be  in  the  line  m  R,  fig.  186,  and  the  surface  will  be  eonrez. 

200.  Influence  of  the  curve  on  capillary  phenomenal—The 
curved  surfaces  in  capillary  spaces  arc  called,  respectively,  cva- 
^ar^and  eonrcr  menittru^is  ;  the  ascent  or  depression  of  liquidi 
in  such  spaces,  are  owing  to  these  forms.  Let  ah  ed^  fig.  187, 
represent  a  concave  meniscus,  the  particles  of  which  an  sus- 
tained in  equilibrium  by  the  forces  before  mentioned ;  these  par- 

289.  Upon  what  does  the  form  of  the  surface  of  a  liquid  in  COB- 
tact  with  a  solid  deiH'iiti  ?  What  i«  the  resultant  when  the  attrac- 
tion of  the  liquid  jjtarticles  is  double  that  of  ihc  solid  for  the  liquid  I 
When  the  attraction  of  the  liquid  partioIiMi  is  less  than  doublet 
When  the  attraction  of  the  liquid  particles  is  greater  than  double  I 
290.  What  are  the  curved  surfaces  in  capillary  spaces  called  t 
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tides  do  not  exerdso  any  pressure  on  those  below  them,  conse- 
quently no  layer  in  the  interior  of  the  tube  exerts  a  pressure 
equal  to  one  without  But  because  of  the  condition  of  equili- 
brium in  fluids,  the  liquid  will  be  raised  by  molecular  attraction, 
187  188 


until  the  pressure  exerted  in  the  interior  danm^iB  equal  to  the 
pressure  exerted  exteriorly,  by  any  column  o  J9,  which  has  its 
base  on  the  same  layer. 

Whore  as  in  fig.  188,  the  meniscus  is  convex,  the  equilibrium 
still  exists,  for  the  liquid  molecules,  being  repelled  from  the  ca- 
pillary walls,  do  not  attract  those  below  them,  and  therefore  the 
pressure  on  any  layer  n  fn,  in  the  interim  of  the  tube,  is  less 
than  if  the  space  ghih  was  filled,  for  the  molecular  forces  are 
much  more  intense  than  gravity ;  therefore  the  liquid  falls  in 
the  tube,  until  the  pressure  on  the  base  i»  m,  is  the  same  as  that 
on  any  point  q^  of  the  layer. 

291.  Law  of  the  eleviitioii  and  d«prM«loii  of  liquids  in  oapl^ 
lary  tubes. — It  has  been  demonstrated  by  Laplace,  that  the  at- 
traction of  the  meniscus  is  equal  to  a  constant  co-efficient,  de- 
pending on  the  nature  of  the  liquid  and  that  of  the  tube.  In  a 
cylindrical  tube  with  a  circular  base,  experience  has  demon- 
strated, that  the  concave  surfiure  is  sensibly  a  hemisphere,  with 
a  radius  equal  to  half  the  diameter  of  the  tube.  The  attraction 
of  the  meniscus  is,  therefore,  in  inverse  ratio  with  the  radius,  or 
the  diameter  of  the  tube,  and  in  consequence,  the  liquid  column 
will  be  raised  by  this  force  to  a  height  which  varies  according  to 
its  intensity.  The  length  of  the  liquid  column  contained  in  the 
tube  is  a  little  less  than  calculation  (according  to  the  above  rule) 
would  indicate,  because  of  the  weight  of  the  meniscus,  but  this 
error  is  very  small,  less  as  the  capillarity  of  the  tube  is  less,  the 

What  i«  laid  of  the  action  of  the  ooaoave  meniacoi  f  What  it  laid 
of  the  action  of  the  convex  nieniaousf  291.  To  what  is  the 
attraction  of  the  meniscua  equal  f  What  ia  the  form  of  the  con- 
cave aaHaot  in  a  cylindrical  tube  I 
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influence  of  the  weight  of  the  meniscus  decressing  rmpidly  as  the 
diameter  of  the  bore  diminishes.  The  height  of  the  liquid  in  the 
tube  is,  therefore,  never  absolutely  in  inverse  ratio  to  the  diam- 
eter, but  the  law  is  nearly  exact  when  we  add  to  the  height  one- 
sixth  of  the  diameter  of  the  tube,  which  is  the  correction  re- 
quired for  the  weight  of  the  meniscus. 

Corrections  for  this  error,  being  thus  made,  the  law  would  be 
correct,  had  the  meniscus  an  accurately  spherical  surfiu^  but  this 
does  not  obtain,  but  when  the  diameter  is  very  snudl  (2  or  8  m.  m., 
'07874,  or  '11811  inches)  the  sur&ce  in  general  ceases  to  be  truly 
spherical,  and  the  ascent  or  depression  depends  on  the  curve  of 
the  surfiuse,  which  yaries  much  more  rapidly  than  the  diameter 
of  the  tube. 

292.  Depression  of  mercury  in  capillary  tubes. — ^The  rapidity 
in  which  capillarity  diminishes,  in  tubes  of  great  diameter,  is 
seen  in  the  following  table. 

TABLE  or  DEPRES8I0NB  OF    ITRCURT   IK  CAPILLABT  TUBB. 


Diameter 
of  tube. 

Depressions  in 

m.  m.  according 

to  Laplace. 

1 

According  to 
Young. 

According  to 
Jaoby. 

According  to   | 
CaTendish.      1 

20'  m.  m. 

0038 

U-081 

0-U31 

1 
1 

15-      " 

0-137 

0111 

0-118 

0131 

10-      " 

0-445 

0-402 

0-406 

0*406 

8*      " 

0-712 

0-669 

0-673 

0-820         1 

6-      " 

1-171 

1-189 

1134 

1-877         i 

6-      " 

1-534    . 

1-510 

1-513 

1-736         1 

4-      " 

2-068 

2-063 

2-066 

2-187 

3-      " 

2-918 

2-986 

2-988 

8064 

2-6    " 

8-566 

2*      •* 

4-464 

4-887 

4-888 

4-472         i 

The  numbers  contained  in  the  first  column  have  been  calcu- 
lated by  M.  Bouvard,  according  to  the  formula  of  lAplace ;  those 
of  the  two  last  columns  have  been  obtained  directly  by  experi- 
ment 

293.  Ascent  of  liquids  in  capillary  tubes. — For  all  liquids,  the 
ascent  or  depression  in  capillary  tubes,  decreases  according  to 


What  is  the  relation  between  the  attraction  of  the  meniseot  and 
the  diameter  of  the  tube  t  Why  is  the  length  of  the  column  in  a 
tube  less  than  that  indicated  by  theory  f  \V  hat  is  the  correction  re- 
quired for  the  weight  of  the  meniscus?  Has  the  meniscus  alwavs 
an  accurately  spherical  surface?  292.  Mention  some  figures  from  the 
table  showing  the  rapidity  in  which  capillarity  diminishes  in  tubes 
of  great  diameter.  293.  What  is  said  of  the  ascent  of  liquids  in  ea- 
pillary  tubes! 
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analogous  laws.  If  the  tubes  are  very  small,  the  heights  aug- 
meutcd  with  one-sixth  of  their  diameter,  arc  inversely  as  the  di- 
ameters. If  the  tubes  are  Tcry  large,  we  may  ascertain  very 
accurately  the  heights  to  which  liquids  would  rise  by  very  com- 
plicated calculations,  or  we  may  obtaiD,  approximately,  their  ca- 
pillary effects,  in  supposing  them  proportional  to  the  depression 
mercury  undergoes  in  tubes  <tf  the  same  diameter.  For  tlie  same 
tube,  and  for  the  same  liquid,  the  capillarity  depends  much  on 
the  temperature,  decreasing  more  rapidly  than  the  density. 

According  to  M.  Gay  Lussae,  the  eleration  of  water  in  a  capil- 
lary tube  of  1  m.  m.,  (*08987  in.)  is  80  m.  m.,  (*11811  in.)  and  dif- 
ferent liquids  elcTate  chemselyes,  in  the  same  tubes,  to  heights, 
which  arc  in  the  following  relation. 

Water,        100* 
Saturated  solution  of  chlorid  of  ammonium,         102  -7 
"  "  sulphate  of  potash,  95*7 

"  "        "  copper,  84- 

Nitric  acid,  75* 

Hydrochloric  acid,  70*1 

Alcohol,  40-8 

Oil  of  lavender,  87*5 

294.  Z««W8  of  the  equUibrium  of  liquids  between  pemllel  or 
inbUned  laminae. — Phenomena  analogous  to  those  presented  in 
capillary  tubes,  may  be  observed  when  two  laminae,  plunged  in 
a  liquid,  are  brought  near  to  each  other.  If  the  laminae  are 
made  wet,  the  liquid  elevated  between  them,  is  terminated  by  a 
cylindrical  surface ;  if  not  moistened,  the  liquid  is  depressed, 
and  is  terminated  by  a  convex  surface ;  and  it  is  observed  that 

1st — A  liquid  i>  regularly  elecatefl  or  depressed  between  two 
himinac^  inversely  as  the  interval  which  separates  thetn, 

2d. — TTiat  the  height  of  the  ascension  or  depression/or  a  given 
inttrval^  is  half  ^^^  which  would  take  place  in  a  tube  having 
a  diameter  equal  to  that  of  the  interval. 

When  we  plunge  two  inclined  laminae  (with  their  line  of  con- 
tact in  a  vertical  position)  in  a  liquid  which  wots  them,  a  concave 
surface  may  be  observed  between  them,  fig.  189,  the  liquid 
rising  toward  the  upper  point  of  their  line  of  contact    The 

Mention  the  elevation  of  different  liquids  in  tubes  of  1  roille- 
Tnetre  diameter.  291.  What  is  said  of  the  equilibrium  of  liquids 
between  two  laminae  1  What  are  the  laws  wnich  have  been  ob- 
served of  this  phenomena  t  What  is  the  form  of  the  curve  a  liquid 
takes  between  two  laminae  f 
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.    fif     ')>';.   MM  ite  Bspod  k  |«TiJjumcd   tmrvrdc   ^K 
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w  Hh  iirttni  M  <Hll  t*  pwiBt  dn  at  the  pcom  «». 
I     Ihi    1>>>ii<t:  ^M*    OM   wd    At  SMTwaiditig  bodj:. 
t*><  >hw  wrmidBtinF  ir.  «  nnrvcx  Mwiisooa,  fig.  101, 
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j^r:  " .  tho:  n:  t*w  t'oM  *.  dw  prOMUiv  at  w  w 

,)(-,^:„  „„;  MfHibMB  which  wo  hUm-vu  lit>|«rv«D  20: 
»h^.  K^-P-^  fVr.ti.it:  «  *e  *"r&<»  "f  "'lul'U,  U  due  to  - 
r«piIKrifv  Ttw  B««^  tiodicfl  arc  drawn  mmr  ti.  ivcfa 
oth.*;  f'tlii'  *•>«*  I**?  ■"  ■"■  ■"  "<*^  imilHtunmi,  and 
iwpolkf  i  i:  the  iHpH*  ■*<»  <>"'?  <«>«  of  thwii. 


a 


a 


Vnr  •■ipiwt''*  «*  ^'*  *'°  parallel  vertical  lamlnaa  at 
■  <«pilhiA  AHunt*.  phinged  id  a  liquid  whkli  wnta  them, 
tht  eW*rfiw  MiJl  *M*<or  •nrf«e««  of  tha  aame  lamiiiaa,  dt- 
Mte4BttlMnM*k«ight,aDdpluagB<lintheaaaialiqujd,an 


895.  Tliat  it  M>J  of  a  drop  of  liquid  placed  helween  iwo  laiujoaa. 
M  in  %  UN*,  tl"^  itwrtit  Wh.t  i.lLe  r«.ull  wl,„,.  the  drop^ 
lianidTo*.  »M  wet  th«  lammao  (  m\.  What  »  raid  of  ti.e  alt^, 
li^i  and  reprtW"  of  %"  Ix**!'"  flo.Uug  ou  Uio  surlWu  of  liqnidal 
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prowed;  and  m  all  the  points  of  the  interior  rarfaoes  of  the  laminae 
which  are  not  wetted  by  the  liquid,  are  pressed  from  without  inter- 
nally, with  a  force  as  much  greater  as  the  points  are  more  elevated, 
it  is  plain,  that  if  the  laminae  are  movable,  they  would  be  drawn 
towards  one  another.  If  the  two  laminae  were  not  wettisd  by  the 
liquid,  then  any  two  corresponding  points  on  the  two  faces  of  the 
laminae,  situated  below  the  interior  level  of  the  liquid,  are  pressed 
equally,  while  a  point  that  is  wetted  by  the  liquid  only  externally, 
experiences  a  pressure  which,  not  being  destroyed,  would  makle  the 
laminae,  if  movable,  draw  near  each  other. 

Lastly,  in  that  case,  where  one  of  the  laminae  was  wetted  and  the 
other  not,  the  interior  liquid  is  depressed  against  one  and  elevated 
against  the  other,  and  by  a  reasoning  similar  to  that  already  em- 
ployed, we  may  see  that  the  parts  of  the  laminae  which  are  covered 
on  both  sides  by  the  liquid,  are  equally  pressed  from  without  and 
from  within,  but  that  in  the  upper  part  of  the  first,  and  the  lower 
part  of  the  second,  the  pressures  are  exerted  from  within  outwards, 
and  in  consequence,  the  laminae  must  be  repelled. 

297.  Bfieota  produced  by  capillaiity. — ^A  needlo  covered  with 
grease,  placed  lightly  upon  the  water,  floats,  because,  not  being 
moistened  by  the  liquid,  there  is  produced  a  depression  in  which 
it  is  supported.  So,  many  insects  walk  and  skim  on  tho  surface 
of  water  without  plunging  in.  Oil  and  other  burning-fluids  in 
lamps,  and  the  melted  tallow  and  wax  of  candles,  are  supplied  to 
their  flames  by  means  of  tho  oapillarity  of  their  wicks,  so  there 
is  an  absorption  of  liquids  in  wood,  in  sponge,  in  doth,  and  in  all 
bodies  that  possess  sensible  pores. 

Endo9mo9$, 

298.  EhidosmoM^^Closely  allied  to  capillarity  are  the  phenomena 
of  endosmoso,  which  have  been  very  accurately  studied,  particu- 
lariy  by  M.  Dutrochct,  who  brought  forward  his  researches,  in  tlie 
year  1827 ;  and  by  Prof  Graham,  more  lately.  When  two  liquids 
capable  of  mixing  with  each  other,  are  separated  by  a  membra- 
nous partition  or  wall,  two  currents  become  established,  proceed- 
ing, one  from  within  outwards,  called  exoamose^  (from  ex^  outward, 

Desoribe  the  action  when  two  laminae  are  wetted  by  the  liquid  in 
which  thev  are  placed.  What  is  the  action  when  tho  laminae  are 
not  wetto<l  by  tlie  liquid  t  What  is  the  action  when  one  of  the 
laminae  is  wetted  and  the  other  is  notf  297.  Mention  some  of  the 
effects  produceil  by  capillarity  f  298.  VThat  b  said  of  endosmose, 
and  who  have  been  its  chief  investigators? 

9 


•DdoH))««,bnpu]sion,)*iiduiothermthecontnr7'd)rectioD,c*lted 
endonaote,  (from  endon,  inw&rd,  and  otmot.) 

2S9.  BndoaoniBteT. — The  existence  and  rapidity  of  these  car- 
rents  is  ucertained  hj  the  tndoiomtter,  an  instruinent  which  may 
be  thus  constructed.  To  a  membranous  pouch  or  bladder  is  fit- 
ted, henueticallj',  a  glass  tabe  as  in  fig.  199. 

m  The  Jar  or  bladder,  and  put  of  tho 

tube,  la  filled  with  a  dmse  liquid,  aa 
a  strong  solution  of  gum  or  siigar, 
and  placed  in  a  tall  cylindrical  jar, 
which  is  then  filled  with  distilled 
KAter,  until  it  stands  exactly  st  tba 
level  of  the  fiuid  in  the  tub«.  For 
very  exact  experiments,  this  lerdia 
consUuUy  maintained  by  the  addi- 
tion (u,  or  the  remoral  of  tb«  mUc 
in  tliu  outer  jar.  Afl«r  a  tinw,  gma 
will  be  found  in  the  outer  resad,  a 
current  fivm without,  inwards,  also 
taking  place. 

If  v«  Ti*h  to  dat«rmiDe  mor*  ae- 
caralel;  the  actual  ai  wall  ai  the  o<hb- 
puralivg  flow  of  differeot  liquid*,  w* 
niny  usa  an  apparatus  cODBtmatad  M 
fi'llvive.  Over  the  open  moutli  of  a 
bull  jar,  of  ■  few  oDucei'  eapaeitj,  ii 
[>1ai:eil  1  plate  of  perforated  xino,  to 
aui>|iort  firmly  a  piece  of  frMh  ox- 
Hnd'I..T.  ulilrli  I-',  .■iirdy  li.il  ovi-r  il.  To  the  upper  aperture  iiat- 
tacheJ  a  grailnited  tube,  opeo  at  both  ends,  the  eapacity  of  whoa* 
interior  bcara  a  certain  definite  relation,  at  _l  th,  to  that  of  the 
lowei  opening  of  the  bell  jar ;  eo  that  a  ri»«  or  fkll  in  the  Mb*  aa 
of  loom.  m,(:t'e3Tin.)  indieataitheeDtraaee  orretnotalof  aitratwa 
of  liquid,  I  m,  m,  (01)3937  in.)  thickneai  oT«r  the  whole  aurlae*. 

SOO,  MecMaaiy  OAiMUUona.— According  to  H.  Dutrochet,  in 

What  ia  the  reenlt  vhan  two  liquide  capable  of  roixiDcwith  eaeh 
other  are  leparated  by  a  ineaihraaDus  partition  t     209.  What  ia  tb* 


neceuary  condltjons  for  producing  eudoMnotia  phenomeaat  101. 
Whati*  M)d  of  material  far  sept^iml  What  il  Mid  of  ioorganie  ma- 
terials I    What  of  chemical  action  1 
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fNrder  successMly  to  produce  the  phenomena  of  endosmose,  it  is 
necessary^ 

Ist — Tlkat  the  liquid»  he  susceptible  of  mixing* 

2d. — That  they  are  of  d^erent  densities, 

8d. — 7^t  the  membrane  in*  wall  (septum)  which  separates 
them  is  permeable  to  ene  or  both  liquids, 

801.  MsUxUJm  tor  septnnu — ^All  thin  animal  and  Tegetable 
membranes,  thin  plates  of  burnt  clay,  slate,  marble,  pipe-clay,  Ac., 
produce  endosmotic  effects  in  a  more  or  less  notable  degree.  Of 
inorganic  materials,  those  which  contain  most  silicic  acid  are  less 
permeable.  A  chemical  action  on  the  materials  of  the  septum, 
inyariably  takes  place,  (excepting  with  alcohol  and  cane  sugar 
solutions,)  whether  it  is  formed  of  bladder  or  of  earthenware. 
Where  the  partition  is  not  susceptible  of  being  acted  upon,  the 
endosmotic  action  is  very  slight 

802.  Direction  of  the  onzrent — ^The  endosmose  current  is  in 
general  directed  towards  the  more  dense  liquid,  but  alcohol  and 
ether  are  exceptions ;  they  acting  as  denser  liquids,  although 
lighter  than  water;  so  also  as  adds  are  more  or  less  diluted,  there 
is  endosmose  towards  the  acid  or  towards  the  water.  The  excess 
in  the  quantity  of  the  liquid  which  passes  into  the  endosometer, 
is  proportional  to  the  surfiioe  of  the  membrane,  and  to  the  dif- 
ferent heights  to  which  the  liquids  mount  in  capillary  spaces,  the 
elevation  taking  place  from  that  side  of  the  liquid  which  has  least 
capillary  action. 

808.  Organio  sdutloiis. — ^Neutral  organicsubstances,sucha8 
gum-arabic,  urea  and  gelatine,  produce  but  little  endosmotic  action. 
Of  all  vegetable  substances,  sugar  solution ;  and  albumen  among 
animal  bodies ;  are  those  which,  with  equal  density,  possess  the 
greatest  power  of  endosmose.  The  figures  attached  to  the  follow- 
ing substances,  indicate  the  proportional  height  to  which  the 
liquids  rose  when  the  endosometer,  being  filled  successively  with 
solutions  of  them,  of  the  same  density,  was  placed  in  pure  water : 
gelatine  8,  gum  6,  sugar  11,  albumen  12. 

804.  Inorf«Bio  soIuUoob. — Neutral  salts  do  not  possess  any 
peculiar  power  of  endosmose,  but  difflise  themselves  with  nearly 

808.  What  is  geoerally  the  direction  of  the  endoemoM  current  f 
What  is  the  ezccM  of  the  quantity  of  liquid  which  passes  into  the  en- 
dosometer proportional  to  f  808.  What  is  said  of  neutral  organio 
solutions  t  What  vegetable  and  animal  substances  have  the  greatest 
power  of  endosmose  T  Mention  the  proportional  height  to  which 
the  liquids  rose  in  th^tube  when  the  endosometer  was  filled  with 
gelatine,  gum,  sugar  and  albumen. 
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the  same  rapidity  as  if  no  porous  partition  was  used.  AlkaliiM 
solutions  greatly  accelerate  endosmose.  This  may  be  observed, 
even  in  solutions  which  contain  but  1  part  of  the  alkaline  salt  in 
1000  of  water.  In  moderately  dilute  solutions  (containing  not 
more  than  2  per  cent  of  the  salt)  the  action  is  most  rapid* 

305.  nieories  of  endosmose. — Many  theories  have  been  pro- 
posed to  account  for  these  phenomena :  such  as  that  endosmose  was 
due  to  an  unequal  viscosity  of  the  two  liquids ;  to  currents  of 
electricity  passing  in  the  direction  of  the  endosmose ;  to  the  un- 
equal permeability  of  the  membrane  for  the  two  liquids^  or^ 
that  the  phenomenon  was  due  to  capillary  action,  joined  to  the  af- 
&iity  of  the  two  liquids.  Very  probably  endosmose  depends  oo 
the  same  forces  that  produce  capillarity,  but  obviously  they  are  not 
the  only  forces  which  exert  influence,  for  we  find  that  heat,  which 
always  diminishes  capillarity,  augments  the  strength  of  the  oi- 
dosmose. 

d06.  Bndosmose  of  gases. — There  is  endosmose  between  gaseB» 
as  between  liquids ;  if  we  connect  two  vessels  containing  dif- 
ferent gases,  having  a  dry  membrane  between  them,  the  gases 
will  gradually  mix,  equal  currents  being  established  in  both ; 
but  if  the  membrane  is  moist,  unequal  currents,  (that,  is  endos- 
mose,) arc  formed.  So,  a  soap  bubble  placed  in  a  jar  of  carbonic 
acid,  will,  in  a  little  time,  burst,  owing  to  the  increase  of  volume 
caused  by  endosmose. 

307.  Absorption  of  gases. — All  bodies  possessed  of  sensible 
pores  have,  in  a  more  or  less  considerable  degree,  the  property  of 
absorbing  giises.  Box-wood  charcoal  possesses  this  property  in 
the  most  remarkable  degree,  1  volume  of  it  absorbing  90  volumes 
ammonia,  81  volumes  hydro-sulphuric  acid,  82  volumes  of  car- 
bonic acid,  0^  volumes  oxygen,  &,c  If  the  charcoal  is  moist- 
ene<l,  its  ab.sorbing  power  is  diminished  one-half,  which  proves 
tliat  this  power  is  due  to  porosity,  and  in  consequence  to  capillary 
action ;  other  kinds  of  charcoal  have  less  and  very  varying  absorp- 
tive powers ;  those  which  are  very  porous  and  extremely  com- 


804.  What  is  said  of  neutral  saltaf  What  of  alkaline  solationsf 
W^hat  of  moderately  dilute  solutions  f  305.  Mention  some  of  the  the- 
ories  that  have  been  proposed  to  account  for  endosmose  phenomena. 
Upon  what  probably  does  endosmose  depend  f  806.  What  is  said  of 
the  endosmose  of  ^asesf  How  may  it  he  ilhistrated  t  .S(r7.  What  is 
said  of  the  obsorjptive  powers  of  hox-wood  charooAl  i  What  is  the 
eflTeet  of  rooistoning  the  charcoal  ?  What  is  suid  of  other  charcoals 
and  their  poroaityr 
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pact,  possessing  this  property  in  a  less  degree  than  others.  Po- 
rosity, however,  although  an  essential  condition  of  the  absorp- 
tion of  gases,  must  be  confined  within  certain  limits. 

308.  Phenomena  of  absoxpUon  In  plants  and  animals. — In 
Physiology  we  distinguish  absorption  firom  imbibition,  applying 
the  first  term  to  those  phenomena  where  there  is  a  penetration 
of  a  substance  (liquid  or  gaseous)  in  the  tissues  of  a  living  being, 
while  imbibition  is  the  penetration  of  a  gaseous  substance  into  a 
porous  body  deprived  of  life,  either  organic  or  inorganic  In  all 
vegetable  life,  absorption  is  taking  place  from  all  parts  of  the  plant, 
but  chiefly  from  the  spongioles  which  terminate  the  roots,  and 
from  the  leaves.  These  organs  absorb  water,  carbonic  acid,  and 
ammonia,  whose  constituents  are  the  necessary  food  of  the  plant 
CapiUarity  only  elevates  the  liquid  in  the  lower  part  for  the  plant, 
it  does  not  produce  the  upward  current ;  the  liquid,  with  the  salts  it 
contains,  rises  by  the  combined  agencies  of  capillarity  and  endos- 
mose,  assisted  by  the  exhalations  from  the  leaves,  which  produce 
a  diminished  pressure  in  the  upper  part  of  the  pores  of  the  plant 
The  inferior  animals  are  formed  of  cells,  and  they  are  supplied  with 
food  by  imbibition  and  endosmose.  In  the  superior  animals, 
there  is  absorption,  as  is  shown  by  the  fi&ct,  that  madder,  taken 
by  certain  animals,  penetrates  their  bones,  coloring  them  red.  A 
substance  is  more  easily  absorbed,  provided  that  it  wets  the 
membrane.  Fats  which  do  not  wet  are  not  absorbed,  but  it  has 
been  shown  by  M.  Bernard,  that  If  they  are  formed  into  an  emulsion 
with  pancreatic  sugar,  that  absorption  takes  place  quickly.  So  Dr. 
Leze  has  observed  that  cod-liver  oil  (used  as  a  medicine)  acquires 
more  energy,  when  made  into  an  emulsion,  because  it  is  more  com- 
pletely absorbed.  As  with  endosmose,  it  is  observed  that  heat 
favors  absorption,  so  also  after  an  abundant  transpiration  or  a 
bleeding,  absorption  is  augmented. 

808.  What  18  the  diatinotioD  made  between  abeorption  and  imbi- 
bition t  What  if  laid  of  the  absorption  in  vegetable  forms  t  Men- 
tion the  causes  which  produce  the  ascent  of  liquids  in  the  pores  of 
planU.  What  is  said  of  the  inferior  animals  t  What  is  said  of  the 
absorbability  of  gases,  and  emulsions,  of  ood-ii?6r  oil  1 
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809.  Oeset  aro  adriform  fluids,  elastic,  transparent,  usually 
oolerless  and  invisible.  The  force  of  cohesion  has  no  actiyity  in 
gases,  whose  molecules  are  self-repellent  in  consequence  of  the 
action  of  heat  Teruian  and  eloMtic  faree^  are  expressions  for  the 
r^ulsiye  power  of  gases,  specific  in  each  case,  and  modified  by 
Tazying  conditions  of  temperature  and  atmospheric  preasore. 

810.  Oaaea  and  ▼mponir— JErifonn,  or  elastic  bodies,  are  di- 
Tided  into  two  groups  or  dasses,  called  respectiTely,  (1.)  Gases, 
and  (2.)  Vapors.  In  permanent  gaaes>  the  elasticity  or  tension  is 
such  that  they  sustain  all  differences  of  temperature  and  prestore 
wHh  only  corresponding  changes  in  bulk  or  Yolume.  The  gases 
now  considered  permanent,  are  the  elem«its,  oxygen,  Initrogen, 
and  hydrogen,  and  the  ccmipounds,  oxyd  of  carbon  and  binoxyd 
of  nitrogen. 

NoDppenBanent  gases. — ^In  another  large  class  of  gaaes>  chiefly 
compounds,  cold  and  pressure,  alone  or  united,  are  capable  of 
overcoming  the  force  of  repulsion,  and  reducing  them  to  the  liquid 
state.   Such  are  chlorine,  anunonia,  cyanogen,  and  sulphurous  acid. 

Vapon  are  formed  by  the  action  of  heat  upon  liquids,  and 
they  retain  the  clastic  or  teriform  condition,  only  so  long  as  the 
temperature  essential  for  their  existence  is  maintained.  It  is  as- 
sumed that  the  serifarm  state  of  bodies  is,  in  all  cases,  due  to  the 
repulsive  power  given  to  their  molecules  by  heat,  and  hence  it 
follows,  that  by  a  sufficient  degree  of  cold  and  pressure,  all  gases 
would  be  reduced  to  the  fluid,  or  even  to  the  solid  condition. 
But  in  the  present  state  of  our  knowledge,  this  truth  has  been 
only  partially  realized. 

811.  Gases,  simple  and  oon4>ound. — ^The  number  of  putes  we 
are  now  acquainted  with  is  thirty-four,  of  which  four  are  simple, 
viz :  oxygen,  nitrogen,  hydrogen,  and  chlorine.  Seven  gases  are 
found  free  in  nature,  viz :  oxygen,  nitrogen,  carbonic  acid,  light 
carburetted  hydrogen,  heavy  carburetted  hydrogen,  sulphurous 
acid,  and  ammonia. 

812.  The  atmospheric  air,  its  compoaitioiL — ^The  most  common 
of  all  the  elastic  fluids  is  atmospheric  air,  which  envelopes  the 
earth  in  an  ssrial  ocean,  over  forty-five  miles  in  depth.  Air  is  a 
mechanical  mixture  of  the  two  simple  elements,  nitrogen  and  ox- 

809.  What  are  gates  \  What  is  said  of  the  force  of  cohauon  I 
What  of  tenaion  f  810.  What  is  said  of  permanent  fcasei  f  What 
of  non-permanent  gases t  What  of  vapors!  811.  What  ii  said  of 
simple  and  oompound  gases  f 
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ygen,  in  the  proportion,  by  volome,  of  20*80  volumes  of  oxygen 
to  79*20  ▼(^umes  of  nitrogen.  By  weight  it  is  composed  of 
23*01  parts  of  oxygen,  and  76*99  parts  of  nitrogen ;  besides 
these,  it  contains  small  proportions  of  carbonic  acid,  carburetted 
hydrogen,  Ac.,  so  that  in  10,000  volumes  of  air,  there  are 

Nitrogen, 7910 

Oxygen, 2091 

Carbonic  acid,  ....  4 

Carburetted  hydrogen,  ...        4 

Ammonia,        .....      trace. 

10,000 

S18.  Atmoapherio  air  th«  type  of  pmrmanant  gasea. — Nearly 
all  of  the  mechanical  properties  of  the  air  apply  without  modifi- 
cation to  all  the  permanently  elastic  fluids.  But  some  of  these 
when  applied  to  vapors,  require  to  be  restricted  and  modified 
by  various  circumstances.  Air  poSBeases,  in  common  with 
liquids,  the  characteristic  properties  of  fluids,  such  as  the  free 
motion  of  its  particles  among  eadi  other,  the  power  of  trans- 
mitting pressure  in  all  directions,  Ac.,  while  it  is  distinguished 
from  solids  and  liquids  by  its  great  compressibility  and  elasticity. 

814.  ImpeiMtrabiUfty  of  air. — Air  is  impenetrable.  This  may 
be  shown  by  inverting  a  hollow  vessel,  as  a  tumbler,  upon  the  sur- 
face of  water ;  when  pressed  downward  the  water  will  not  rise  and 
fill  the  tumbler,  because  of  the  impenetrability  of  the  air.  The  di- 
ving-bell depends  on  this  quality  of  air :  it  consists  of  a  large  bell- 
shaped  vessel,  sunk  by  means  of  weights  into  the  sea,  with  its 
mouth  downwards.  Notwithstanding  the  open  mouth,  and  enor- 
mous pressure  of  the  sea,  the  water  is  excluded  from  the  bell, 
because  of  the  air  contained  within. 

816.  Inertia  of  air. — Wind  is  only  air  in  motion.  If  the  air 
had  no  inertia,  it  would  require  no  force  to  impart  motion  to  it, 
nor  could  it  acquire  momentum.  We  know  that  the  force  en- 
countered by  a  body  moving  through  the  air,  (that  is,  displacing 
the  air,)  is  in  proportion  to  the  surfiu»  exposed,  and  the  velocity 
with  which  it  is  moving,  (120.) 

The  sailing  of  ships,  the  direction  of  balloons,  the  wind-mill, 

812.  What  is  the  oompositioa  of  atmospherio  air  ?  Mention  the 
proportion  of  its  ooostituents  in  10,000  parts.  813.  What  is  said  of 
the  similarity  of  the  air  to  all  permanent  gases  t  814.  Ho  v  may 
the  impenetrability  of  air  be  shovrof  815.  What  is  said  of  the  in- 
ertia of  airt 


and  the  fiightAil  niTages  of  the  tornulo,  are  all  ftniiliar  examples 
of  the  power  of  maving  air,  and  conaequentlj  proofe  of  the  in- 
ertia of  ait. 
81S.  BxpeuaiTe  foroe  of  air. — ^The  molecular  (brcee  hold  to- 
10  pftrticlee  of  solids  in  fixed  poBitions,  while  they  allow 


liquid  motoculra  liberty  b 


a  all  directions.  In  gi 
molecular  forces  are  completely 
subordinate  lo  the  repulsion  im- 
parted hy  heat  Under  normal 
conditions,  the  atmoephere  is  in 
a  state  of  equilibrium  between 
the  earth's  attraction,  and  its 
own  ezpansire  Ibrce.  If  we  dis- 
turb this  condition  of  equili- 
briuni,  we  see  evidence  of  the 
exerdse  of  the  power  of  expaa- 
In  fig.  198,  a  moist  blad- 
P  der,  partly  filled  with  air,  is  sub- 
jected to  a  partial  xacuum  under 
.  the  air-bell.  As  the  pressure  In 
the  bell  is  diminished  by  work- 
ing the  air-pump,  the  portion  of 
confined  air  expands,  and  dis- 
tends the  fiaccid  bladder,  whidi 
again  contrscta  as  soon  as  the  equilibrium  of  pressure  is  restored 
by  opening  B  communication  with  the  external  air. 

BIT.  Weight  of  the  air,— If  a  vessel  whose  capacity  is  100 
cubic  inches,  be  exhausted  of  air  and  weighed,  and  after  filling 
it  with  dry  air  at  the  ordinary  temperature  and  pressure,  it  is 
weighed  again,  it  will  be  found  that  its  weight  is  Sl'Oll  grains 
more  than  at  first-,  that  is.  100  cubic  inches  of  air  weigh  81-011 
grains.  Air  is  the  standard  of  comparison  in  dcnsi^  for  all 
gases  and  vapors. 

ItiBobvioiuttiiitifwefilUlieglabe,fig.  lU4,oranjTe«elofkaoTD 
capacity  witli  any  other  gsa  llian  atmo9ph«ria  air,  we  could  aaocrtaia 
the  weight  of  a  certain  quantity  of  luch  gas,  and  by  compariug  thi* 
weight  vith  on  equal  bulk  ot  air,  Baccrtain  its  doniity.  Careful  at- 
tantioQ  to  a  variety  of  circnmataiices  (the  more  prominenl  of  which 


SIS.  UmlU  d  tha  atmcwphere.— 
The  atmoBphere  extends  upwud  to  a 
gr«*t  height  Cooeideriiig  it  ta  made 
up  of  BucceasiTe  layersor  atnit&,  since  all 
of  them  ue  subject  to  gnritttiou,  the 
lower  layora  muBt  be  oompresaed  by 
those  above  them;  consequeatly,  the 
nearer  we  approach  the  earth,  the  more  ' 
dense  we  find  the  ur,  and  the  higher  we 
ascend,  the  more  rarefied  it  is.  As  the 
air  possesses  a  very  gr**t  eipansive 
force,  we  might  suppoM  it  would  ex- 
pand indefinitely  toward  the  planetary 

spaces.  But  the  expansive  force  of  the  air  decreaaw  m  it  fa 
more  dilated,  and  again  it  is  diminished  by  the  lower  tempera- 
ture, in  the  more  elevated  r^ons  of  space,  so  that  an  equilibrium 
is  formed  between  the  expansive  force  and  gravity,  which  dmws 
the  particlcfl  toward  the  centre  of  the  earth.  Hence  there  is 
a  limit  to  the  atmoepher&  From  the  weight  of  the  atmoa- 
phere,  its  decrease  of  density  as  we  asoend,  and  Erom  certain 
optical  phenomena,  its  height  baa  been  estimated  to  be  about  forty- 
fire  miles.  igjS 

819.  Atmoiphario  praMnr*.— That 
the  atmosphere  exercises  a  muuiiirabtu 
pressure  upon  the  earth,  is  well  de- 
monstrated by  the  glass  vea.'wl,  fig. 
195. 

The  upper  part  of  Uii*  veMal  ii  Imr- 
roelioallj  cltned  by  a  bladder;  ils  lowrr 
edge  rest*  upon  Uie  well  groniiJ  j>luti? 
of  an  air-pump.  As  the  air  iigrailiiully 
eihsnited,  the  larfao*  of  the  blnililor 
will  become  mora  and  more  de|'r-.*M-i'J, 
until,  finaJly,  tha  membrane  bnral-s  wit)> 
a  iharp  report,  owing  to  the  jir^yjiiin.' 
of  til  a  atmosphere  upon  iL 

The  above  experiment  only  'ii'inon- 
strat«3  the  downward  pressure  of  the 

SIS.  What  is  taid  of  the  limits  of  the  aUno*i>harat  Why  doea 
not  the  air  expand  iodefieitely  t  What  i>  tlia  height  of  the  atmoa- 
pherel  »■ 


atmosphere.    By  the  Uadgebui^  hemispheres,  it  nuj  be  Bhown 
that  the  atmospheric  pressure  is  osorted  in  all  directioas. 

190 

Thit  apparatiu  ia  compoaed  of  t«o  hol- 
low liemiipberes  of  brav,  fig.  198,  whoH 
edge*,  aocnratelj fitting, are  wallgmaad; 
one  of  tlia  hcmiapherei  ia  famiihvd  with 
a  Btop-cooV.  with  whioh  oonneotioti  ia  nade 
with  an  air-pump  Upoo  plaeing  than  to- 
gether upon  the  airpump,  and  ezhaoating 
the  air,  it  will  b«  found  that  tlie  hem- 
itpherea  can  no  longer  be  aepar«t«d,  no 
matter  in  what  poaition  thej  may  be 
held ;  proving  that  the  atmoapherie  pr«- 
■ura  which  keepa  the  hamiaphetca  to- 
I  gaUiw  b  exerted  ia  all  dirMtioD*.  Rjoga 
adapted  to  aaofa  hemiaphere,  anaUa  twe 
paraont  to  teat  their  atrength  againat  the  atmoapheiia  [veaanra. 

820.  UeaaureofttacatmoBphMloprsaMtTo, — Althougfa  we  have 
demoDstTBtciI  the  atmospheric  pressure  in  the  two  preceding  exper- 
iments, yet  wc  have  not  estimated  its  amount;  this  was  first  dooe 
hj  Toiricelli,  a  disciple  of  Galileo,  in  ld43.  To  repeat  his  experi- 
ment, a  tube  of  gloss  closed  at  one  end  is  selected,  A  £,  6g.  197, 
about  32  iiiclics  in  length.  Holding  the  tube  mouth  upward,  it 
is  completely  filled  with  mercury,  and  inverted,  after  closing  the 
orifice  with  the  thumb,  with  its  lower  end  placed  in  a  ressel  con- 
taining mercury.  The  liquid  column  will,  on  removing  the 
thu[iib,  immediately  full  some  distance,  and  after  sevenl  oedl- 
lutions  will  come  to  rest  at  n,  a  height  at  the  level  of  the  sea, 
of  about  thirty  inches  above  the  level  a  c,  of  the  mercury  in 
the  vcs.'icl.  The  space  n  B,  above  the  mercury,  is  the  most 
complete  vacuum  attainable  by  mechanical  means,  and  is  called 
the  Torricellian  vacuum.  11^  after  having  closed  the  mouth  of 
the  tube,  \vc  lift  it  out  of  the  dish,  wo  shall  tind  that  the  weight 
of  the  columa  of  mercury  pressing  against  the  finger  is  vcryooD- 
siderable.  When  wo  place  the  tube  in  the  vessel  of  mercoiy, 
we  hsve  this  namo  force  exerted,  the  column  of  mercury  tending 
to  flow  out  of  the  tube,  and  another  force,  the  weight  and  prcs- 

319.  How  may  it  be  ehuwn  that  tha  atmosjihere  eieniaes  a 
l^eMUM  upon  tlie  earth  I  Deiurilie  the  Madgcburgh  liuriiispher««t 
What  may  be  provcil  by  them  I  H20.  What  wa>  Torricelli's  exper- 
iment I     What  ia  the  Torricellian  vacuum  I 
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Bim  tX  the  kbnosphen,  tendiAg  to  push  th«  mercnry  up  la  the 
tube.  The  length  or  the  raercurUI  column,  it  iB  evident,  ia  In 
proportion  to  the  ftlmoapheric  pressure,  uid  197 

under  ordinftry  circumstancce,  as  wo  hare 
Been,  the  atmoapheric  pressure  is  equiralent 
to  a  column  of  mercurj  thirty  tnchee  in  height. 
We  may  now  easily  estimate  the  pressore  on 
any  given  surhce,  as,  for  example,  a  square 
inch.  IT  we  should  take  a  tube  whose  base  ia 
ft  square  inch,  and  repeat  the  above  expwi- 
ment,  the  column  a  n  wonld,  as  before,  be 
ausbuned  at  a  height  of  thirty  inches ;  but 
the  weight  of  a  column  of  mercury  thirty 
inches  In  height  and  one  inch  square,  is  very 
nearly  fifteen  lbs. ;  therefore  the  atmoepheric 
n  a  square  inch  ia  fifteen  Iba. 


If  the  tube  wen  filled  with  ■  llgihter  liquid 
Aan  nerenry,  ■  proportiooally  longer  eolnton 
would  be  MMteiaed  by  the  prenare  of  the  at- 
motphere  :  the  length  of  ths  colomn  being  in- 
versely M  the  denaitiet  of  ths  two  fluid*.  If 
water, whieh  it  about  li'6  timei  lighter  thanmer- 
enrj,  waa  (u«d,  the  eolamn  of  weter  iiutainiid 
would  be  IK'S  timei  a*  long  m  the  mercurial 
oolumn,  or  about  thirty-four  feel. 

821.  Praerara  npon  the  hmnan  body. — 
Tho  air,  as  we  have  seen,  transmits  pressure  - 
equally  in  all  directions ;  consequently  eveiy  object  exposed  to  the 
atmoaphero  at  sea  level,  is  preesod  upon  all  parte  of  its  surbce, 
with  a  force  amounting  to  fifteen  lbs.  to  the  square  inch.  The  sur- 
face of  a  human  body  of  average  siie,  measurea  about  8000  squaro 
inches;  auch  a  body  sustains,  therefore,  a  pressure  of  SO.OOO 
lbs.,  or  fifteen  tona.  It  would  seem,  at  first,  that  aueh  a  preesure 
would  crush  the  individual  subjected  to  it,  but  this  great  force  ia 
entirely  neutralized,  because  the  atmoapheric  pressure  is  equal 
in  all  directions.  All  tho  cavities  and  porea  of  the  body  are  filled 
with  counteracting  air,  which  presses  with  an  equal  force  in  every 
direction. 

How  may  the  prewure  on  any  given  lurface  be  eetimnteil  t  What 
ia  the  atmoepheric  preuure  tu  s  eqaare  inch  ofanrfncel  Whet 
would  be  the  etfecl  ifslit{hlerliqnid  than  merourv  wesuMd  T  SSI. 
What  ii  the  ureuuru  upon  the  human  body  t  Why  does  not  thb 
prcaanre  enub  individuals eubjeeted  to  it. 
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822.  Ooastmotioii  of  baromeUnb — ^Barometer  is  the  oftme 
giTen  to  Torricelli's  tube.  This  instrument  has  different  fonns^ 
according  to  the  use  for  which  it  is  designed.  There  are,  how- 
ever, certain  conditions  to  be  fulfilled  in  the  constructioii  of  ba- 
rometers, whatever  may  be  their  form. 

1st — ^It  is  necessary  that  the  mercury  be  perfectly  pore  and 
free  from  ozyd,  otherwise  it  adheres  to  the  glass ;  again,  by  im- 
purittes,  its  density  is  changed,  and  the  height  of  the  ooliimn  in 
the  barometer  is  greater  or  lees  than  it  should  he, 

2d. — It  is  necessary  that  there  be  a  perfect  vacaum  above  the 
surfiu»  of  the  mercury  in  the  tube ;  for  if  there  be  a  little  air, 
or  vi^r,  as  of  water,  the  elasticity  of  these  will  continually 
depress  the  mercurial  ccdumn,  preventing  its  rising  to  the  true 
height 

To  obtain  a  perfict  vaouom,  a  tmall  portion  of  port  mereury  ii 
boiled  in  the  barometer  tube,  and  wli«i  eooled,  another  poiikm  of 
mercury  is  added,  and  again  boiled,  and  to  on,  until  the  tube  ia  Ml; 
by  this  means  the  air  and  moisture  whieh  adhered  to  the  walla  of 
the  tube  are  driven  out,  completely.  The  boiling  muat  not  be  too 
long  continued,  otherwise  a  portion  of  oxyd  will  be  formed,  whieh 
will  dissolve  in  the  mercury  and  alter  its  density.  The  tube  being 
filled,  we  invert  it  in  a  vessel  of  pure  mercury.  In  order  to  deter- 
mine whether  there  is  not  some  air  or  moisture  in  the  tube,  we  in- 
cline the  tube  quickly ;  if  the  mercury  gives  a  dry  metallie  sooad 
when  striking  the  summit  of  the  tube,  it  is  a  proof  of  their  abaeiiee, 
while,  if  they  be  present,  the  sound  is  deadened. 

828.  PasoalVi  eicperlmenta.— The  experiment  of  Torricelli  ex- 
cited the  greatest  sensation  throughout  the  scientific  worid,  and 
the  explanation  he  gave  of  it  was  generally  rejected. 

Pascal,  who  flourished  at  that  time,  perceived  its  truth,  and  pro- 
posed to  subject  the  experiment  to  a  test  whieh  must  put  an  end  to  all 
further  dispute.  "If,**  said  Pascal,  *'  it  be  really  the  weight  of 
the  atmosphere  under  which  we  live,  that  supports  the  column  €ti 
mercury  in  Torricelli's  tube,  we  shall  find  by  transporting  this  tube  to 
a  loftier  point  in  the  atmosphere,  that  in  proportion  as  we  leave  below 


822.  What  is  a  barometer  ?  What  are  the  necessary  conditiooa 
to  be  fulfilled  in  the  construction  of  barometers  7  liow  is  a  barom- 
eter filled  with  mercury  ?  liow  may  it  be  determined  whether  the 
interior  of  the  tube  is  free  from  air  and  moisture  I  823.  What  it 
said  of  Pascal's  experiment  f     How  was  it  conducted  f 
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Mora  and  more  of  the  ur,  th«ra  wQl  be  •  1«m  vAm 
•tuUinad  in  the  tub«."  Paual  th«r«fo»  oaniad  *  Torrioelli  taba  to 
tha  top  of  ft  lofty  moantain,  tailed  the  Pny-de-Dome.  in  AoTcrgne, 
(central  Franca.)  II  wu  foand  that  the  colnmn  gradually  dimin- 
iibed  in  hMght  u  the  slsration  to  irhioh  the  inctrament  va*  oarriad 
increaied.  He  rapaaUd  thia  ezperiineutatBoDan,  (Fr«nM,)ln  1646, 
vith  a  taba  of  water,  and  foand  that  the  oolomn  waa  inat^nad  at  a 
height  of  aboDt  thirty-foar  faet,  or  IS'fi  timea  graatar  than  tha 
height  of  the  eolamn  of  meranry. 

824.  i^pantna  tUnatntlng  tlw  prine^U  d  th*  iMitmatar. — 
Bj  means  of  the  air-pump  and  the  apparmtiu,  Bg.  198,  the  priD- 
ciple  of  the  barometer  ia  bcAutifultf  ohown. 

The  apparatna  oonuila  of  a  large  ball  198 

glaaa,  Jt,  with  two  (ypbon  b«Tomet4P 
taba*  attached.  One  of  them,  S,  hee  iu 
eiuem  vithin  the  b«lL  Tlia  other  ba- 
romater,  wboea  eiatam  ii  without  the  bell, 
comma nieataa  with  it*  interior  by  tha  cur- 
Tad  tab«  1 1'.  Whan  thU  apparatna  ia  placed 
oB  the  airpnmp,  and  azhaoited  of  air,  tha 
Derenry  in  B  &1Ib  in  proportion  to  the 
TaaunmpMdoeed.andriaeainthetube  CI, 
in  the  >ama  proportion.  In  £  we  aae  the 
effaet  of  dininiahad  preaaara,  aa  on  i 
mountain  or  in  a  balloon  ;  ia  O  tha  pres. 
Bare  of  the  external  air  aanaed  the  nicr 
oury  in  it  to  meant,  forming  a  gaag«  u: 
the  czhanation.  When  tha  air  u  allow  eii 
to  enter,  the  manmry  In  the  tubaa  r 
Bumea  ita  fonner  poaltion. 

83S.  Hel^  of  the  baiDOMtrio  oolnmii 
at  dl&Toiit  dewaUoM.— The  foltowing 
table  gives  a  compatBtive  view  of  (lieB 
height  of  mercury  in  the  barometer  a 
different  eleTationa  abore  the  sea. 


i: 


What  !■  uid  of  bii 


It  witli  a  tobe  of  watarl     824.  Da- 


wribe  the  apparatua  ilWraling  the  prioeipig  of  the  bi 

Sae.  Mention  the  iieiRht  of  tiie  barometer  at  the  aleration  of  WOO 

loet,  of  lu.UOU  feet,  of  6  milaa,  &c. 


90fl  auBft. 

At  the  level  of  the  eea,  the  meranr  stands  at  81  Incha. 

6,000  feet  «boTe "     "     "  "  "       "      M-YST      " 

10,000    "    [height  of  Mt  ^tna,]         "      "     15-000     " 
16,000    "    [beigbt  of  Mt  Blftnc,]         "      "     18-941      " 
Smiles  "      "     16-000     " 

0     "  [sboTethetopoftheIoftiestmouiiUin,17-S00     " 
B     "  8-760     " 

16     "  1-876     " 

826.  Distant  b«nim«tar^— The  (nBtem  barometer  is  the  most 
109        simple  fbrm  of Uus  osdiil  instmment.    It  oousists  of 
.  a  TDnicdli's  tube  of  glsss,  filled  with  meronr;  and 
'  plungedtntoaresseloontainingtbesamemetal;  tUs 
vessel  or  cistern  is  of  Tsrious  forms. 

That  it  majb«truiqiort«d«Mil]r,tlMeMt«ra  k  di- 
vided into  two  eompsrtaneDti,  m,  n,  fig.  199,  Uienppv 
diTiiioD  ii  oemented  to  tlie  tube,  eommonlaatiiig  witk 
the  atmoiphara  hj  tka  Huall  holea.  Th«  two  eou- 
pwtmeota  araDoited  bythanaiTow  Deck  into  whiah 
ttie  lowar  part  of  the  barometer  tub*  enten,  fit- 
ting olosely,  altbough  not  touching  the  walla ;  leaTing 
ooly  BO  «mall  a  space,  that  capillarity  will  not  allow  the 
mercQiy  to  e«cap«  from  the  lower  compartmant  when 
ve  ineline  the  barometer.  So  that  in  whatarar  poai- 
tion  wfl  place  it,  no  air  oan  enter  the  lower  end  of  tba 

This  barometer  is  always  fixed  on  a  wooden  Biip- 
jiort,  at  the  upper  part  of  which  is  a  graduated  scale, 
trhosoMFois  tholcTcloftheraercury  in  the  ciHtern. 
The  sliding  scale  i  indicates  the  level  of  the  mercor; 
in  the  tube.  There  is  attached  to  barometers  also  a 
slider,  raoring  by  the  hand  upon  which  is  a  ttmiar, 
hy  means  of  which  wc  can  distinguish  very  amall  va- 
riations. But  the  level  of  the  mercury  in  the  cistern 
varies  as  the  column  of  mercury  in  the  tube  ascends 
or  descends,  for  then  a  certain  quantity  of  mercury 
rasses  from  the  cistern  into  the  tube,  or  the  rererse, 
e.a  tliat  the  Ecro  (the  level)  changing  the  graduation 
iin  the  scale,  does  not  indicate  the  true  height  of  the 
jk  l^arometcr. 

327,  Portln*! barometer. — Thiserrorisavoidcdln 

n  Imrometurl     Deacribe  the  form 
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the  barometer  of  Fortin,  which  diSbn  from  the  dstem  berom- 
eters  onlj  in  the  dsteiiL    Fig.  QOO,  raprasentB  thia  oistem. 
The  lower  part  u  of  deer-aUn,  and  is  elevated  or  de-  201 

premadbjmeaiuoFLlie screw,  C,  piemngtbepltUs DB, 
At  the  upper  wall  of  the  cistern  is  fixed  a  small  iToiy  * 
oeedla.  A,  wboM  point  oorresponda  eiaetl;  to  the 
(ero  of  the  soalt,  graduated  on  the  oaae.  At  eaeh 
obMiratioa  with  this  iiutnuiient,  ewe  is  taken  to 
make  the  level  of  the  mercaiy  in  the  eiatern,  eorrea- 
pond  with  thia  point,  which  ia  Msompliahed  hj  torn- 
iog  the  screw  up  or  down.  "Hiia  form  of  Barometer 
has  been  adopted  by  the  Smithaonian  Institution,  and 
is  made  b;  Green,  of  H.  Y. 

S28.  Oay  Inuaao^  baiotaatec. — OkJ  Lunac's 
efphoD  btutKneter,  fig.  201,  consists  of  two  tubes 
of  the  same  internal  dimenaiona,  unitod  by  a  Tory 
capillai7  nedc,  both  closed  at  their  upper  part,  the 
air  entering  the  dstem  through  the  hole  a.  The 
large  tubosbeingof  theBameinterior 
diameter,  the  capillary  action  is  mu-  | 
tually  destroyed.  The  capillary  tube 
Is  made  small,  so  that  when  we  turn 
f  the  instrument  over,  it  remains  Hill, 
j  because  of  its  capillarity.  FormMB- 
I  uring  the  height  of  the  mercury, 
there  are  two  scales,  £  and  J),  grad-  ■I'l'  i 
uated  in  different  directions,  baviog  "  '' 
their  common  zero  at  0,  on  a  line 
intermediate  between  the  two  mer- 
curial Burbcea ;  so  that  by  adding 
the  indications  of  these  two  scales, 
we  have  the  difleroncointhelerel  of 
the  mercury  in  the  two  tubes.  But  a  quick  move- 
ment, transportatioQ  in  a  carriage  or  on  horseback, 
may  divide  the  mercurial  column  in  the  capillary 
tube,  andthusallowthoair  to  pass  intothe  long  arm,  whenby  the 
accuracy  of  the  instrument  would  be  destroyed. 

In  order  to  obviate  thia  iooonvenienee,  M.  Baoteo  baa  modified 
the  inetrnment  as  reprcMnted  in  fig.  S02.  The  long  arm  A  drawn  ont 
to  a  point,  enter*  into  and  is  soldered  to  a  latter  tulje,  K,  wblch  U 

Xa7.  Dtaeribe  the  eistnn  ef  Fortla't  barometer,  saa.  What  is 
wid  ofOayLoMae's  barometer  t     How  ia  the  inatrwMOt  graduated  t 
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Atttehed  to  the  capillary  tube.    Wilh  this  Amngement,  ■hoiild 
202      bles  of  air  even  pau  through  the  capillary  tube,  the; 
not  enter  the  long  arm,  but  are  retained  in  the  top 
These  bubbles  of  air  have  no  influence  on  the  obaervi 
A  ■        and  may  be  driyen  out  by  simply  heating  the  tube. 

829.  Wheel  bezometer. — ^The  wheel  barometer  ii  iB 
instrument  of  no  scientific  yalue,  but  has  a  certain  popr 
ular  interest  as  it  purports  to  dedare  the  state  of  the 
weather.  The  apparatus  consists,  fig.  203,  of  a  dhl 
plate  attached  to  a  syphon  barometer  having  a  amall 
cylindrical  cistern,  upon  whose  suiftce  rests  a  float ; 
this  is  attached  to  a  silk  string,  which  winds  around 
a  pulley,  0,  and  is  terminated  by  the  counterpoise  P  ; 

the  axis  of  Uie  pulley  carries  a  needle,  which  rests  upon  the  &oe 
of  the  dial  plate.     When  the  pressure  of  the  atmosphere  changes, 
the  column  rises  or  fidls  in  the  tube  accordingly,  and  carries  along 
208      with  it  the  float   The^pulley  turns  and  moves  the  needle 
to  the  words  rain — ^fair— changeable,  &c,  which  are  de> 
signed  to  correspond  to  certain  heights  of  the  mer- 
curial column. 

830.  Oausea  of  error. — In  order  to  obtain  the  true 
height  of  the  mercury  in  a  barometer,  we  must,  after 
making  the  obser>'ation,  determine  by  calculation  the 
error  caused  by  capillarity^  and  by  the  yariations  of 
density,  caused  by  changes  of  temperature, 

881.  Correction  for  capillarity. — When  the  barom- 
eter tube  is  of  capillary  diameter,  the  surface  of  the 
mercury  in  it  becomes  convex  (290)  and  the  depres- 
sion is  greater  })y  as  much  as  the  tube  is  more  capil- 
lar^to  For  correcting  this  error,  it  is  necessary  to  know 
the  diameter  of  the  tube,  and  then  by  means  of  the 
table,  (292,)  ascertain  the  depression,  which  must  al- 
ways be  added  to  the  observed  height 

832.  Correction  for  temperature. — In  all  mercurial 
l>arometcrs,  we  must  have  regard  to  the  temperature, 
for  as  heat  expands  mercury,  it  diminishes  its  density, 
and  in  consequence,  under  the  same  atmospheric  pres 
sure  the  mercury  wouhl  rise  ns  much  higher  as  the 
tenipeniturc  was  more  elevutetL     Consequently  l»aro- 


Whatis  Buntcn*8  improvement  f  :i2\K  What  i«  «ni<i  of  tlie  whee^ 
barometer  t  How  are  tlic  movemcnlsof  the  mercurial  column  indi* 
cated  T  830.  What  are  oausea  of  error  in  making  ihcrmomotrio  ob- 
servations?    381.  What  is  said  of  the  correction  for  capillarity  ? 
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ttotaric  obflerrmtlcma  cannot  be  compared,  nnloes  they  wen  teken 
■t  the  Mme  temperature,  or  are  brought  hy  calculation  to  the 
same.  Aa  it  is  entirely  wbitrarj  vbat  temperature  shall  be 
chosen,  that  of  molting  ico  han  generally  been  taken.  A  table 
showing  the  expansion  and  contraction  of  mercury  at  difEerent 
temperatures  may  be  found  in  the  section  upon  beat 

83S.  AnaroU  baiometw. — This  instrument,  inTented  by  H. 
Vidi,  is  a  barometer  without  mercury,  and  poaaeeses  the  advan- 
tage OTCT  others  of  baring  a  small  304 
sise,  of  being  exceedingly  porta- 
ble, and  of  giTing  sufBciently  accu- 
rate indications  for  most  purposes. 
It  consists  of  a  circular  copper  box, 
the  corer  of  which  is  very  thin,  and  i 
which  is  hermetically  sealed,  after d 
tho  air  is  exhausted  from  its  intericr.l 
This  is  contained  in  a  metal  boz,W 
fig.  204,  about  four  inches  in  dlame-  T 
ter,  and  which  has  a  dial  plate  like 
that  of  a  watch.  Tariations  in  the 
pressure  of  the  atmoephere,  will  cause 
the  coTor  of  tho  exhausted  box  to  be  more  or  less  depressed. 
By  moans  of  a  combination  of  lerers  and  springs,  the  more- 
monts  of  the  centre  of  this  coTer  are  communicated  to  a  pointer 
which  movee  over  the  graduated  plate. 


are  sltacbed  two  aprighU,  8, 
which  act  upon  a  lever,  F,  by 
meani  of  a  pin  wbiah  nnitei 
them.  Tilts  lever,  (P,)iM  at-  | 
tachcJ  to  a  bar,  K,  wbich 
movet  freely  oq  two  pivote, 
placed  at  ite  eitremitiea  A 
lever  B,  unite*  the  bar  K,  to 
tlia  pint*  A,  which  preeMe  on 
two  apringe.     Ry  mean*  Ma  -  -^s^^_ 

tpririg,  repreMnted  In  the  fig- 
ure, the  ruJ  E,  in  connection  with  A,  eomiaDDleatei  any  n: 
to  the  bent  lever  H,  which  canaei  a  tnataUio  wire  to  nuc 

Hll'i.  What  ie  wid  of  the  correctioi 
at  the  aneruld  barom< 
IB  interior cnDitmct ion. 


884.  M.  Botmlo&>i  "i-talUn  buoBMtar. — H.  Bourdiw,  t^ 
Pmis,  has  iDTent«d  a  barometer  irtucb,  with  great  flimplicit;  of 
cwkBtruction,  has  all  the  adTaotages  of  the  aneroid.  Th«  oMential 
part  of  the  iiiBtrament,  fig.  S06,  oonaut  of  a  vOy  thin  and  daa- 

206  tic  braag  tube  J,beDt  into  tb* 

form  of  an  are  </ a  circle,     niia 
tube,  exhaoated  of  air  and  hs^ 
matically  doaed,  ia  attacked  aa> 
If  at  ita  centre,  bo  thattha  cnda 
antteetomoTe.    WlthadiiniA- 
iahed  atmoepherie  preasnre,  tho 
enda  separate  from  each  other. 
i  If  the  atmospheric  pnosurein- 
k  creases,  the  ends  come  nearer 
Ib^ether.      By  means  of   th* 
Imetallic  wires  a,   i,  and  the 
f  spring,  c,  these  morements  of 
the  ends  of  the  tube  are  commu- 
nicated to  a  needle  moring  orer 
a  graduated  plate. 
The  same  principle  Bourdon  has  applied  to  the  CMutrnctiMi  of 
manometers  for  locomotires  and  other  steam  boilers,  and  tbej 
are  now  exicnBtTely  uNed. 

885.  Variation!  of  the  banunatrlo  halj^it. — When  we  obserre 
a  barometer  during  many  days,  we  notice  that  not  only  does  ita 
height  yary  IVom  day  to  day,  but  also  in  the  same  day.  Tbt 
amount  of  these  variations  increases  from  the  equator  towards 
the  polos.  The  greatest  Tariations,  (excepting  extraordinary 
cases,)  are  6  m.  m.  ('£862  in.)  at  the  equator;  80m.m.  (1-181  in.) 
at  the  tropic  of  cancer;  40  m.  m.  (1 -0748  in.)  in  France,  and  M 
m.  m.  (2-8622  in.)  35°  tcova  the  poles.  The  greatest  Tariations 
take  place  in  winter. 

The  mean  diimiai  itighi  it  Ute  average  of  twgnty-foor  sneMerire 
obterTBtioDs,  taken  from  hoar  to  hoar.^f.  Ramond  hai  foDod  th^ 


834.  What  !■  uid  of  Bourdon'*  metallic  barometer  t  Daiaribalta 
eonitrnctioD.  sas.  What  i*  uid  of  barometrie  obMrTationsI  What 
are  the  greatest  rarialiona  I  Wlieu  are  they  greatcet  I  What  is  tba 
mean  diamal  height!     Wliatthemeanannoariieigbtl 
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iHlfU  of  tb»  bwometw  at  dooq  to  Im  th«  mun  of  the  d*j.  ITit 
mnM  m«iUUy  htighl  U  the  average  of  the  thirty  mean  daily  heights 
of  a  month.  77u  mm  annual  fuiglu  ii  the  averaga  of  the  three 
handrad  and  siityfiTe  mean  ddJy  height*  of  a  year. 

AttheeqaatorthemeaDMinual  height  IB  768  n).in.  (29483  in.) 
It  increases,  passing  from  the  equator,  and  attuns  ita  maTimnm  of 
768  m.  m.  (80-M  in.)  between  the  latitudes  of  80°  and  40° ;  it  de- 
creases in  more  elevated  latitudes.  The  meMi  monthly  height  is 
greater  in  wint«r  than  in  sununer,  hecauM  of  tiw  cooling,  and 
consequent  Increased  density  of  the  atntosphero. 


\y 


t^ 


am 

The  aoala,  flg.  101,  iiiOW»  the 
barometrio  Tatlationi  of  the  dif- 
ferent moatlu.  Equal  diitanaei>, 
taken  on  the  lower  horiioiital  lice 
j — J,repreHnt  the  daration  ofl]ie 
diffgreat  monthi,  and  the  enrred 
UoM  at  the  eommeneemaot  of 
eaeh  interral,  the  mean  barome- 
trie  height*  oomtponding  to  the 
■DoeeaaiTe  month*.  We  hare  then 
eorvg*,  whoae  inflenon*  make 
known  the  variatioD*  of  the  m*«n 
from  one  month  to  another.  The 
fouromre*  repreaentthe  monthly 
meana  u  obterred  at  Caleatta,  C,  j.  /.  m.a.m.  j.  j.  a.  t.  o.  n.  i. 
at  Harana,  H ;  Pari*,  P,  and  at  St  Peterabarg,  5  P.  The  diffw- 
eace  of  the  anrr**  repraaent,  with  great  diitinetneas,  the  differeooea 
of  the  mean  barometrie  helghla.  Calsntta  and  Harana,  on  the 
same  latitnda,  hare,  it  will  be  taeo,  vary  differsnt  monthly  mean*. 

8S8.  TariaUona  ofaaarwad  In  baramaten  ara  of  two  Unds. 

IsL— AooUantal  wariatiaaa,  which  do  not  othr  any  r^ularity 
in  their  movsroents,  and  which  depend  o 


«nd  get^raphical  position. 

Sd^DlUTnal  wailatlona^^lt  was  about  the  year  17S9,  that  the 
hourly  Taristion*  of  the  barometer  were  prored  to  take  place  in 
a  regular  ouuiner.  From  that  time,  many  observers  have  labored 
to  determine  the  extent  and  the  periods  for  the  different  parts  of 

What  i*  laid  of  th*  m*an  annnal  height  at  tha  eotiator  and  at 
other  points  t  What  it  (aid  of  tha  maan  monthly  haisht  in  winter  I 
Daaonbe fig.  lOT.  SU.  Whatitaaidofaiioidental  variational  Men- 
lion  IlnmlMldt'*  obearration*  on  diamal  variatioui. 
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the  etrth.  Alex.  Humboldt,  with  othem,  has  demonstrmted  bj  • 
long  series  of  very  accurate  obseirations  at  the  equator,  that  flie 
maximum  of  height  corresponds  to  9  o^clock  in  the  morning; 
the  Tiarometer  then  falls  to  its  minimum  at  four,  or  half-past  four 
o*clock  in  the  afternoon ;  it  then  rises,  attaining  a  second  maxi- 
mum about  ten  o'clock  at  night  These  moTcments  are  so  reg- 
ular they  almost  serre  to  mark  the  hours  like  a  clodc,  bat  thej 
are  very  smalL  M.  Humboldt  found  that  the  distance  between 
the  highest  point  in  the  morning,  and  the  lowest  point  in  the  af> 
temoon,  was  but  two  m.  m.  In  the  temperate  sones,  these  di- 
urnal variations  also  take  place,  but  are  very  diiBcult  to  asoertafai, 
because  of  the  accidental  variations,  so  that  it  requires  extended 
and  very  accurate  observations  in  order  to  determine  them.  The 
hours  of  the  maximiun  and  minimum  of  the  diurnal  variationa, 
appear  to  be  nearly  the  same  in  all  climates,  var}'ing  a  little  with 
the  season.  Thus  in  winter,  (in  France,)  the  maximum  is  at  nine 
o*clock  in  the  morning,  the  minimum  at  three  o^dock  in  the  af- 
ternoon, and  the  second  maximum  at  nine  o'clock  in  the  evening. 
In  summer,  the  maximum  takes  place  before  eight  o'clock  in  the 
morning,  the  minimum  at  four  o'clock  in  the  afternoon,  and  the 
second  maximum  at  eight  o'clock  at  night  In  spring  and  in 
autumn,  the  critical  hours  are  intermediate. 

33  7.  Relation  between  barometric  changei  and  the  Wttathar. — 
Those  variations  of  the  barometer  which  are  not  periodic,  are 
generally  supposed  to  be  indications  of  changes  in  the  weather. 
For  it  has  been  notice<l  that  those  days  in  which  the  column  of 
mercury  was  29-72  inches  in  height,  there  was  very  changeable 
weather ;  that  in  a  majority  of  those  days  when  the  mercury 
rose  a>>ovo  this  point,  there  was  fine  weather,  when  it  fell  below 
this  point,  stonny  weather,  snow  or  rain,  prevailed.  It  is  from 
these  coincidences  between  the  height  of  the  barometer  and  the 
state  of  the  weather,  that  there  is  marked  on  the  scale  or  dial 
plate  of  barometers,  at  certain  heights,  the  words  stormy,  rain 
or  snow,  variable,  fine  weather,  Ac,  and  it  is  supposed  that  when 
the  mercury  stands  at  the  height  indicated  respectively  by  these 
words,  we  should  have  corresponding  weather:  now  although 
this  may  be  true  to  a  certain  extent,  yet  a  little  reflection  will 


AVhnt  is  said  of  tho   maximiiin  and  minimum  diurnal  variatioofl? 
887.  AVhnt  in  said  of  the  rotation  between  lian)niotric  changes  and 
the  '^'oathert     By  \v- hat  .ore  changes  of  the  Tceuthcr  indicated  in 
the  barometer? 
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■boif  the  fidkcy  of  sadi  indicationa.  The  height  of  the  mercu> 
rial  oolamn  Tmries  with  the  position  of  the  barometer,  and  conse- 
quently two  barometers,  in  different  places,  not  npon  the  same 
level,  would  indicate  different  coming  dianges.  The  changes  of 
weather  are  indicated  in  the  barometer,  not  by  the  actual  height 
of  the  mercurial  column,  but  by  its  dianges  d  height. 

838.  Rules  by  wfaioh  oomiiig  ofaangea  ara  indioated^ — ^The 
following  rules  may,  to  some  extent,  be  reUed  upon,  but  for  rea- 
sons already  stated,  must  be  taken  with  a  considerable  degree  of 
allowance. 

1. — ^When  the  mercury  is  rery  low,  high  winds  and  storms  are 
likely  to  preyaiL 

2. — Generally  the  rising  of  the  mercury  indicates  the  approach 
of  fair  weather ;  the  falling  of  it  shows  the  approach  of  foul 
weather. 

8. — In  sultry  weather  the  falling  of  the  mercury  indicates 
coming  thunder.  In  winter,  the  rise  of  mercury  indicates  frost 
In  frosty  weather,  its  fall  indicates  thaw,  and  its  rise  indicates 
snow. 

4. — Whatever  change  of  weather  suddenly  follows  a  change  in 
the  barometer,  may  be  expected  to  last  but  a  short  time. 

5. — When  the  barometer  alters  slowly,  a  long  succession  of 
foul  weather  will  succeed  if  the  column  fitlls,  or  of  fitir  weather 
if  the  column  rises. 

6. — A  fluctuating  and  unsettled  state  in  the  mercurial  column, 
indicates  changeable  weather. 

889.  Maasura  of  haiglils  by  thabaxomatar* — Since  the  level  of 
the  mercury  in  the  barometer  fidls,  as  we  ascend  above  the  earth, 
we  see  that  it  is  possible  to  determine  by  barometric  observations, 
the  elevation  of  a  mountain,  or  of  any  other  place  above  or  be- 
low the  level  of  the  sea.  If  the  atmosphere  had  a  uniform  den- 
sity, we  could  ascertain,  by  a  very  simple  calculation,  the  height 
to  which  the  barometer  was  raised,  from  the  amount  of  the  fidl 
of  the  mercurial  column ;  for  mercury,  being  10,466  times  heavier 
than  air,  a  fall  of  one  m.  m.  (0*8987  in.)  of  the  barometric  column, 
would  indicate  that  the  column  of  air  had  diminished  10,466  m. 
ro.,  (412*054  in.)  and  therefore  the  height  measured  would  be 
10,466  m.m.  But  as  the  atmospheric  pressure  dimishcs  very 
rapidly  in  density  as  we  ascend,  such  calculations  are  of  no  value 

S38.  Mention  the  rules  by  which  coming  changes  are  indicated  f 
339.    WhAt  i»  taid  of  the  measurement  of  heights  by  the  barometer  f 
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except  for  small  eleyations,  and  it  is  necessary  to  detenniiie-tlM 
rate  of  diminution  in  density  of  the  air,  in  proportion  as  it  Is 
Airther  removed  from  the  earth.  Formule  have  heen  giTen  by 
means  of  which  we  can,  for  any  glyen  latitude,  at  once  ralmlsfn 
from  the  barometric  obseryation  the  real  hei^t  Tables  hafe 
also  been  constructed  by  which  we  can  easily  calculate  the  leiel 
between  any  two  places,  when  we  know  the  height  of  the  baran- 
eter  and  the  temperatiire  of  the  atmosphere. 

840.  BaDoonfc — ^Bodies  in  air  (like  solids  plunged  in  liquids) 
lose  a  part  of  their  weight,  equal  to  the  wei^t  of  the  air  dis- 
placed. From  this  it  follows,  that  if  a  body  weighs  less  than  an 
equal  volume  of  air,  it  will  rise  in  the  atmosphere  untQ  it  meets 
with  air  of  its  own  density :  hence  heated  air,  smoke,  &e.,  rise, 
because  they  are  less  dense  than  cold  air. 


Dr.  Blaek,  of  Edinbargfa,  annoaneed  in  1787,  that  a  light  t< 
filled  with  hydrogen  gat  would  rise  in  the  air;  and  Cavallo,io  1781, 
oommnnicated  to  the  Royal  Sodety  in  London  the  iaet,  that  eoap 
babbles,  filled  with  hydrogen,  would  ascend  in  the  atmoephere.  The 
brothers  Montgolfiers,  in  17  S%  first  constructed  balloons.  Hieee  con- 
sisted of  globes  of  cloth,  lined  with  paper.  The  one  that  they  first 
exhibited  publicly,  was  a  globe  about  thirty  feet  in  diameter,  open 
at  the  lower  part,  below  which  was  placed  a  fire.  This,  expanding 
the  air  within  the  globe,  diminished  its  density,  and  the  balloon  rose 
to  a  height  of  nearly  a  mile.  Hot  air  balloons  are,  therefore,  (in 
allusion  to  their  inventors,)  usually  called  Montgolfiera  Ballooos 
filled  with  hydrogen  were  first  introduced  by  Mr.  Charlee,  pro- 
fessor of  physics  in  Paris,  in  1788,  and  in  Kovember  of  the  tame 
year,  Pilatre  de  Rozin  made  the  first  erial  voyage,  in  a  balloon 
filled  with  hot  air.  The  asoension  took  place  from  Boulogne.  Soon 
after,  M.  Bl  Charles  and  Robert,  in  the  garden  of  the  Tnilleries^ 
peated  the  same  experiment  in  a  balloon  filled  with  hydrogen 
At  this  epoch,  erial  voyages  multiplied.  In  January,  1784,  seven 
persons  rose  from  Lyons,  three  from  Milan,  dkc,  and  soon,  so  lamil- 
iarized  were  the  public  with  this  method  of  navigating,  thai  it  was 
not  uncommon  for  people  to  ascend  in  a  balloon  which  was  restrained 
from  going  too  far  by  means  of  a  cord ;  when  the  adventortrs  had 
attained  a  certain  height,  the  balloon  was  drawn  down  by  means  of 
the  cord,  and  other  voyagers  took  their  place. 


840.  Wliy  do  Iwdies  lighter  than  air  rise  in  the  atmosphere  ff 
Mention  Dr.  Black's,  and  Cavallo's  observationsw  What  is  said  of 
the  brothers  MontgolfiersT  Who  constructed  the  first  hydrogen 
balloons  f     What  is  said  of  other  ttronauts  t 
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Oif  LuBsac,  in  1804,  mmde  <U)  ucent  mnkruble  for  tfae  fiuita 
with  which  it  enriched  science,  uid  for  the  height  whidi  was  »t- 
tAined,  nftinelj,  ftbout  23,000  feet  In  those  eterated  regions. 
Gay  Lussac  found  respintion  and  tho  circulaition  of  the  blood 
much  accelerated,  because  of  the  rarefkcUim  of  the  atmosphere, 
his  heart  making  ISO  pulsations  in  a  minute,  while  66  was  its 
normal  rat&  He  also  collected  there,  spedmecs  of  air  fbr  chem- 
ical anal  jsis. 

B41.  OoutraoUas  and  filling  of  balloona. — QeDerally  the  bal- 
loon is  pear-shaped.  It  is  made  of  material  impervious  to  hj- 
dr<^en  gas,  oft«)  of  Strips  of  taffetj  sewed  together,  and  corered 
with  a  tarnish,  composed  of  linseed  oil  and  caoutchouc,  dissolved 
in  essence  of  turpentine,  or  of  a  tissue  formed  of  a  layer  of 
caoutchouc  interposed  between  two  layers  of  taffety,  and  called 

To  fill  the  bklloon,  A,  an  apartare  at  ila  lover  end  la  plaotd  in 
eaauniuieatloD,  by  mealiB  of  •  tube,  I,  with  TCMtb,  I,  geDaratinghy- 
dn^D,  (from  the  aeUon  of  dilote  solphitrie  Mid  and  ziac,  u  ihowa 
m  fig.  SOS.)    When  the  balloon  !>  ■uffleiently  fiUed,  the  apertura  b 

208 


eloaed.     Baipeaded  bj  meaiu  of  a  net  work  of  ropw  oofering  the 
whola  apparatus,  i>  a  boat  fonned  of  wieker-work,  for  the  re- 
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diSfarence,  that  the  wbale-boncs  an  repUced  bjr  cords,  sustaining 
a,  Btaiii  boftt,  in  which  the  nronkut  places  bimseH  There  is  s 
Bmall  ohimner,  or  hole,  in  the  top  t^  the  parschuto,  in  order  to 
allow  the  air,  which  would  accumulate,  to  escape  regularlj, 
otherwiae  it  would  escape  fltftillj  by  the  sides,  throwing  the 
apparatus  violently  around,  to  the  imminent  peril  of  its  occu- 

843.  I^cw  d  Mariotts. — Boyle  and  Hariotte  discovered  the 
law  of  the  compression  of  gaaea,  which  is  as  follows  : 

AttheiatM  Umperature,  th«  volume  occupied  hy  tie  lame 
bulk  of  air,  it  in  ineene  rotfe  (o  thepreuurtvhithit  tupporU. 
From  which  it  follows,  that  the  density  and  Sll 

tension  of  a  gas  are  proportional  to  the  pres- 
sure. Tn  order  to  verify  this  law,  the  appa- 
ratus oiled  Hariotte's  tube  is  employed.  To 
an  upri^t  support  of  wood  is  attached  a 
bent  tube,  flg.  211,  whose  two  vertical  branches 
are  unequal  in  length.  The  longer  limb  is 
open  at  the  top,  and  fumiahed  with  a  scaK 
which  indicates  heights ;  the  shorter  is  closed 
at  the  t«p,  and  is  divided  into  parts  of  equal 
capacity.  Mercury  is  poured  into  the  tube  so 
that  the  level  of  the  liquid  in  the  two  iMmndMS  Ji 

is  foundon  thesame  horiiontalline,  I  a.  The 
air  in  the  shorter  limb  then  occupies  a  definite 
volume,  indicated  by  the  graduation.  If  more 
mercury  is  added,  until  the  measured  volume 
of  air  is  reduced  one-half;  as  trom  ten  to  five, 
oocupyingonly  the  space  above  r,  and  we  now 
e  the  diflbronce  of  level  between  the 
8  of  mercury,  viK:  a'  h,  we  shall 
find  that  it  is  precisely  the  same  as  the  height 
of  the  barometrio  column.  That  is,  tho  prai- 
HUre  of  the  column  of  mercury  in  tho  Uariottc's 
tube  is  equivalent  to  one  atmosphero ;  adding 
this  pressure  to  that  which  the  atmospher 
cicerts  on  the  morcury,  wo  have  the  air  sub 
jected  to  double  of  its  usual  pressure,  and  it  is,  . 
consequently,  reduced  in  volume  one-half.     If  we  subject  it  to 
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a  pressure  of  three  atmospheres  it  will  be  reduced  to  one-third ; 

of  four  atmospheres,  to  one-fourth  of  its  original  bulk,  iic    At 

a  pressure  of  770  atmospheres,  air  would  become  as  dense  as 

water. 

The  law  of  Mariotte  may  also  be  rerified  for  pretrares  leas  than 
21 2  one  atmosphere,  by  usbg  a  barometer  tube,  aboot 

two-thirds  filled  with  mercury,  and  inyerted  ia 
the  deep  cistern,  fig.  212,  filled  with  mercury. 
Sinking  the  tube  to  such  a  depth  that  the  leTel  ef 
the  mercury  within  and  without  is  the  same;  the 
contained  air  is  under  the  pressure  of  one  atnie^ 
phere,  and  occupies  a  known  rolume.  If  the 
tube  is  now  raised  until  by  a  diminutioa  of  pn^ 
sure  the  giren  Tolume  of  air  is  doubled,  it  will  be 
found  that  the  length  of  the  mercurial  eolumn  ia 
the  tube  is  half  that  in  the  barometer  :  that  ii^ 
the  air  under  a  pressure  of  one-half  an  atmo^ 
phere  has  doubled  its  Tolume.  The  Tolume  here, 
as  in  tlie  other  case,  is  in  iuTcrse  ratio  to  the 
pressure. 

844.    Umita  of  the  law   of  Ifariotto.— 

The  law  of  Mariotte  is  true  for  air,  under  very 
variable  pressures,  at  very  low  and  at  very 
high  temperatures.  But  it  is  not  probaUe 
that  it  prevails  at  all  pressures,  and  at  all  tem- 
peratures :  since  almost  all  gases,  by  a  certain 
amount  of  pressure  are  liquefied.  Certain  gases 
are  liquefied  by  cold  alone,  at  the  ordinary 
pressure,  others  by  pressure  and  cold  combined. 
Mariottc's  law  fails  for  most  gases  at  very 
great  pressures,  and  at  very  low  temperatures, 
and  prol»ably  also  for  very  small  pressures  and  very  high  tem- 
peratures ;  for  the  repulsion  of  the  molecules,  probably,  does  not 
exist  when  they  have  been  separated  a  certain  distance  by  rare- 
fiiotion,  obtained  by  a  great  diminution  of  pressure  or  elevation 
of  temperature,  or  by  the  two  combined. 

Mariotte's  law,  therefore,  docs  not  hold  good  for  all  gases,  above 
all,  for  those  which  are  liquefied  by  compression.  M.  Poufllet 
has  concluded  fix>m  his  experiments,  in  which  the  pressure  ob- 
taineil  was  equal  to  1<n)  atnitvspheres,  that  the  five  gases  which 
have  not  lK.»en  liquefiml,  namely,  oxygen,  nitmgt»n,  hydrogen. 


l>e«cnhe  another  metlioil  for  illn^trmting  tlii»  law  for  small  pres- 
sures      S44.  What  is  said  of  the  limito  of  the  law   of  Mariotte  9 
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carbonic  tdd,  and  binozyd  of  nitrogen,  obey  the  law  of  Mari- 
otto.    He  Ibnnd  that  sulphurons  acid,  ammonia,  car-      218 
bonic  acid,  protoxyd  of  nitrogen,  heavy  carburetted 
hydrogen,  and  light  carburetted  hydrogen,  were  com- 
pressed more  than  air,  and  that  this  difference  aug- 
mented with  the  pressure. 

845.  BSanooMten^ — Manometers  are  instruments  de- 
signed to  measure  the  tension  of  gases  or  yapore  above^n| 
the  atmospheric  pressure.  The  unit  of  measurement 
which  has  been  chosen  for  these  instruments  is  the 
pressure  of  the  atmosphere,  which  at  the  level  of  the 
sea,  is  (820)  equal  to  about  16  lbs.  to  the  square  inch, 
and  therefore  a  pressure  of  two  or  of  three  atmospheres 
signifies  a  pressure  of  80  lbs.,  or  of  45  lbs.  Manometers 
are  of  very  various  construction,  two  of  which  will 
be  mentioned,  namely : 

846.  1st-— Maiiom«t«r  with  fne  alr«— This  con- 
sists of  a  glass  tube,  B  D,  fig.  218,  open  at  both  ends, 
placed  in  a  cistern  of  mercury^  to  which  it  is  cemented. 
The  cistern  is  connected  with  an  iron  tube  A  C.  By 
this  tube  the  pressure  of  the  fluid  is  transmitted  to  the 
mercury.  The  gases  whose  tension  we  wish  to  find, 
being  often  of  a  temperature  sufficiently  high  to  melt 
the  cement  attached  to  the  apparatus,  the  tube  A  (7, 
is  filled  with  water,  which  receives  the  pressure,  di- 
rect, and  transmits  it  to  the  mercury. 

Id  order  to  graduate  this  inctmment,  A  being  open  to 
the  atmospbere,  that  point  where  the  mercury  reets  in  the 
tube  ia  marked  1 ,  (one  atmosphere.)  At  distancesof  thirty 
inches,  the  numbers  2,  8,  Ac.  are  marked,  which  indicate 
the  number  of  atmospheres,  for  it  will  be  remembered, 
that  a  column  of  meroury  thirty  inches  in  height  repre- 
sents the  atmospheric  pressure.  The  apparatus  being  placed 
in  connection  with  a  steam  boiler,  we  ascertain  the  pres- 
sure to  which  it  is  subjected  by  the  height  to  which  the 
mercury  rises  in  S  D;  if  to  2*5,  the  pressure  is  2*5  at- 
mospheres, or  87}  Ibsi  to  the  square  inch. 

What  is  said  of  gases  at  great  pressures  and  low  tem- 
peratures t  Mention  the  result  of  Pooillet's  experiments 
on  the  unliquefiable  gases.  845.  What  are  manometers? 
What  is  the  unit  of  measurement  in  manometers  ?  34 A. 
I>escribe  the  construction  of  the  manometer  with  free  air. 
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Endless  forms  of  manometers,  under  the  popular  name  of ' 
gaugt^r  are  in  use  upon  steam  boilers — ^in  which  the  preMora,  acting  . 
upon  a  spring  or  opening  spiral,  moves  an  index  over  a  graduated 
clock-face,  upon  which  experimental  pressures  are  registered.  Of 
these  instruments,  that  known  as  Ashcroft's  steam  gauge,  appears  to 
meet  with  most  general  favor  among  steam  engineers,  being  in  fact 
quite  identical  with  Bourdon's  metallic  barometer,  already  deaeribed, 
(834.) 

847.  2d. — ^Manometer  with  oompraasedalr. — ^This  form  of  the 
instrument  consists  of  a  glass  tube  filled  with  dry  air,  placed  in 
a  cistern  of  mercury,  to  which  it  is  cemented.  This  by  a  lateral 
tabe,  j1,  fig.  214,  communicates  with  the  vessel  containing  the 
elastic  fluid  to  be  examined. 

In  order  to  graduate  the  manometer,  aaeha 
quantity  of  air  is  placed  in  the  tube,  that  when  A 
communicates  with  the  atmosphere,  the  level  of  the 
mercury  is  the  same  in  the  tube  as  in  the  etatem. 
At  this  point,  therefore,  1  is  marked  upon  the  seale. 
Following  Mariotte's  law,  it  might  be  supposed  that 
we  should  mark  for  two  atmospheres,  at  a  point 
in  the  middle  of  the  tube,  but  when  the  column  of 
air  is  reduced  half,  the  tension  of  two  atmospheres  is 
increased  by  the  weight  of  the  column  of  mercury 
raised  in  the  tube,  and  therefore  the  middle  point  of 
the  tube  would  represent  a  pressure  greater  than 
two  atmospheres.  The  true  position  for  the  second 
mark  is  at  a  point  a  little  below  the  middle  of  the 
tube,  where  the  elastic  force  of  the  eompreesod  air, 
added  to  the  weight  of  the  column  of  mercury,  is 
equal  to  two  atnio8phere& 

By  calculation,  the  true  position  of  the  points 
indicating  8,  4,  &c.,  atmospheres,  is  determined 
on  the  scale  of  the  manometer.  This  is  not  a 
very  desirable  fonn  of  the  instrument,  because 
the  volume  of  air  growing  smaller,  the  divisions  must  continually 
diminish  in  size,  and  therefore,  even  considerable  variations  of 
pressure,  are  not  easily  observed  in  the  upper  portion. 

848.  Diffiiaion  of  gaaea.— It  has  been  seen,  (249,)  that  liquids 
mixed  together,  gradually  separate,  and  lie  superimposed  in  the 
order  of  their  densities,  and  that  the  surfaces  of  the  separation 


847.  Describe  the  nmnomcter  with  compressod  air.     IIow  is  the 
tube  graduated  f  What  is  the  objection  to  thin  form  of  instrument  f 
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of  the  liquids  are  horizontal    But  when  gascfs  are  mixed,  they 
present  Maw  conditions  of  equilibrium,  as  follows. 

1. — A  homogenecuM  and  pertistent  mixture  is  formed  rapidly^ 
80  that  all  parti  of  the  same  volume  are  composed  of  the  same 
proportions  of  the  mixed  gases, 

BerthoUei  demonstrated  this  law  of  215 

Dalton,  with  the  apparatus  seen  in  fig. 
215.  He  filled  the  halloon,  A,  with  ear- 
bonieacid  gas,  having  a  density  1*529» 
connected  by  means  of  a  tube  with  anoth- 
er balloon,  H,  filled  with  hydrogen,  the 
stop-cocks  r,  r,  being  closed,  the  apparatus 
was  placed  in  the  raults  of  the  Observa- 
tory at  Paris,  where  there  is  a  uniform 
temperature.  When  the  balloons  had  ex- 
actly this  temperature,  their  stop-eocks 
were  opened,  and  after  a  time  there  was 
found  in  each  balloon  a  uniform  mixture 
of  hydrogen  and  carbonio  aoid;  notwith- 
standing the  great  difference  in  density 
between  the  two  gases,  carbonio  acid  be- 
ing 22  times  as  heavy  as  hydrogen.  This  i 
interpenetration,  or  movement  of  gas( 
toward  one  another,  is  called  diffusUm, 


2. — In  a  mixture  qf  gases,  thepressure,  (or  elastic  force,)  exer- 
eised  by  each  of  the  gases,  is  the  same  as  it  was  when  alone, 

This  law  may  be  demonstrated  by  filling  a  number  of  tubes  over 
mercury  with  different  dry  gases,  having  their  volume,  and  the  pres- 
sure to  which  they  are  subjected  equal ;  upon  decanting  these  gasea 
into  a  graduated  vessel  filled  with  mercury,  the  pressure  will  be 
as  before,  and  the  volume,  equal  to  the  combined  volume  of  all  the 
gases,  proving  the  law  stated. 

The  rapidity  with  which  the  diffusion  takes  place,  varies  with 
the  specific  gravity  of  the  gases.  The  more  widely  two  gases 
differ  in  density,  the  more  rapid  is  the  process  of  intermixture. 

This  law  is  stated  by  Prof.  Graham  as  follows: 

848.  What  is  the  first  law  of  the  diffusion  of  gases  ?  How  did 
BerthoUet  demonstrate  tbist  What  is  the  second  law  of  the  diffu- 
sion of  gases  f  How  mav  tbis  law  be  demonstrated  f  Upon  what 
does  the  rapidity  of  the  diffusion  depend  f 
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8. — The  telocitisi  with  which  g(ue$  d\ffkue  th&muitoeB^  a/re  t» 
inverse  ratio  to  the  square  root  of  their  specific  graHHee. 

Pro!  Graham  used  a  tube  about  half  an  inch  in  diameter,  and 
from  six  to  fourteen  inches  in  length,  fig.  216.    Hie  tube  was  dosed 
216  with  plaster  at  its  upper  end,  and  filled  dry,  with 

the  gas  to  be  ezamined,  and  its  lower  end  phicad  in 
waUr.  The  air  and  gaa  both  passed  thiiHigh  tlM 
plaster,  and  tha  water  aaoeBded  in  the  tabei  Can  was 
taken  to  maintain  tlia  aor&ae  of  the  water  withim 
and  without  the  tuba  on  the  same  lard,  in  order  that 
the  results  might  no*  ba  modified  by  tiia  dtatarbing 
foree  of  gravity.  The  tube  being  filled  with  hydro* 
gen,  it  was  found  that  while  one  Tolnme  of  air  was 
passing  into  the  tube,  8*88  ▼olomes  of  hydrogen  w«a 
passing  out  This  is  the  amount  whioh  the  aboTe  law 
requires^  for  the  density  of  the  air  beiag  one,  ita 
square  root  is  one^  and  its  diffiosiTaBess  onai  Thm 
density  of  hydrogen  ia  0*069,  its  squara  root  ia  O'OMSS 
and  iU  diffusiveness  is  y.yjyiy  "^  8-7984,  instead  of  8-88,  aa  deter- 
mined by  experiment. 

The  uniform  composition  of  our  atmosphere,  (812,)  is  a  wonderful 
illustration  of  the  prevalence  of  the  law  of  diffusion,  or  interpenetr»> 
tion  of  gases.  Under  all  circumstances,  and  at  all  heights,  over  the 
sea,  and  on  the  loftiest  mountains,  we  find  the  same  proportions  in  ita 
several  constituents,  not  excepting  those  minor  ones  which  might  at 
first  appear  to  be  due  to  local  causes. 


349.  A  striking  method  of  illustrating  the  diflfhirion  of 
is  by  the  apparatus,  fig.  217.  This  consists  of  a  porous  earth- 
enware cell,  (from  a  Bunsen^s  battery,)  to  the  open  mouth  of 
which  is  cemented  a  funnel,  whose  barrel  is  lengthened  by  a  glass 
tube.  Supporting  the  end  of  the  tube,  by  means  of  a  damp,  in 
the  lower  vessel — containing  colored  water — and  holding  over  the 
porous  cell  a  bell  jar  filled  with  hydrogen ;  bubbles  of  gas  will 
escape  rapidly  from  the  tube  through  the  water.  If  the  hydrogen 
bell  is  remoTcd,  the  colored  water  immediately  rises  in  the 
tube  The  effect  is  due  to  the  diffusive  action  taking  place  be- 
tween the  air  in  the  porous  cell  and  the  hydrogen  in  the  jar, 


How  did  I^f  Graliam  perform  hi8  exnerimeots  ?  349.  What  other 
apparatus  it  described  I  What  is  the  influence  of  temperature  on 
the  diffusion  of  gases  ? 
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br  u  Uw  bjdragoi  puses  into  the  cell  more  npidly  than  the 
■ir  puBM  out,  consequently  the  Tolume  in  SIT 

the  c«U  is  incTMsed,  and  the  excess  es- 
vaptA  through  the  water.  Upon  removing 
the  bell  of  hydrogen,  the  conditions  tre  re- 
versed; the  cell  now  contains  hydrogen, 
whidi  di&bsing;  itself  into  the  air  more  ra- 
pidly than  the  air  enters  the  veseel,  causes 
a  dimiuulion  of  volume,  and  the  water  rises 
ID  the  tube.  After  a  short  time,  perfect 
equilibrium  is  restored,  the  water  is  the 
tube  assuming  the  level  of  that  contMnod 
in  the  vessel 

By  an  elevation  of  temperature,  the  rate 
of  diffusion  of  equal  volumes  of  different 
gases,  becomes  accelerated,  for  heat  dimin- 
ishes the  density  of  all  gases,  but  the  rate 
of  diffusion  does  not  increase  as  rapidly  as 
the  expansion  of  gases  by  heat,  conse- 
quently the  same  absolute  weight  of  any 
gas  will  be  diffused  more  rapidly  at  a  low  ^ 
than  at  a  liigh  temperature. 

8S0.  Table  of  rttffndnn  of  gasM. — The  ^     

following  table  givea  the  speciffc  gravity  of  tho  s 
the  square  root  of  their  denuty,  the  reciprocal  of  that  square 
root,  (i  e.  Uio  calculated  diffusivenoea  of  the  gas,}  and  the  actual 
numbers  obtained  by  experiment 

nirrijsiov  Ann  irrosioit  or  nAsn. 
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D71B 

-98GS 

1-OHT 

1-014) 

1-0164 

bydrogw., 

■»78 

■•889 

1-011 S 

1-0191 

1-0138 

S.y,r.".i.ua  .y- 

1I068 

1-OBie 

■veto 

•9487 

■980 

dregee. 

1  1918 

l-MU 

•9W8 

■98 

Crbonic  eeid. 

fsaitoi 

1-2368 

■8087 

■811 

talphurous  eeid, 

2-247 

14991 

■6671 

-68 
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850a.  Sfibsioii. — ^The  rate  of  efiiisioii  indicated  in  the  last  ool- 
unm  of  the  table  above,  are  results  obtained  by  ProC  Ctraham, 
upon  the  n^idity  with  which  the  different  gaaes  escape  into  a 
yacuum,  through  a  minute  aperture,  about  ^^  of  an  inch  in  di- 
ameter, perforated  in  a  thin  sheet  of  metal,  or  of  g^aas :  it  will  be 
observed  that  the  rates  of  difEbsion  and  effusion  of  the  diflbnnt 
gases  coincide  very  nearly  with  each  other. 

851.  transpiration  of  gaaea^ — Gases  pass  throu|^  capilliiy 
tubes  into  a  vacuum,  according  to  laws  similar  to  thoae  ob- 
served in  the  case  of  liquids.  The  rate  of  transit  for  each  pm, 
(or  velocity  of  transpiration)  is  independent  of  ita  rate  of  diflb- 
sion.    The  laws  observed  are  as  foUows: 

1. — The  rate  qf  transpiration  for  the  same  gas  increases  ii- 
reetly  with  the  pressure,  that  is,  equal  wlumes  qf  air  at  differ- 
ent densities,  require  times  inversely  proportioned  to  tkeir  dem- 
sities. 

For  example :  a  volume  of  double  the  denrity  of  the  atmoaphare 
would  pass  through  a  capillary  tube  in  half  the  time  thai  would 
be  required  for  air  at  its  usual  density. 

2. —  With  tubes  of  the  same  diameter,  the  volume  transpired  la 
equal  times  is  inversely  as  the  length  of  the  tube. 

If  thirty  cubic  inches  were  transpired  from  a  tube  ten  feet  la 
lengUi,  in  five  minutes,  a  similar  tube,  twenty  feet  in  length,  would 
transpire  only  fifteen  cubic  inches  in  the  same  time. 

8. — As  the  temperature  rises,  the  transpiration  of  equal  tol- 
umes  becomes  slower. 

Whether  the  tubes  were  of  copper  or  of  glass,  or  whether  a 
porous  mass  of  stucco  was  used,  the  same  uniformity  in  the 
suits  was  obtained. 

The  rate  of  transpiration  of  the  different  gases  under  the 


860a.  What  is  meant  by  the  effusion  of  cases  ?  851.  What  itiaid  of 
the  passage  of  gases  through  capillary  tubes?  What  is  the  first  law 
of  the  transpiration  of  gases  f  Give  an  example  f  What  is  the  aeeoad 
law  ?  Give  an  example.  What  is  the  third  law  \  What  effect  haa 
the  material  of  the  tube  f 
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drcumstances,  varies  with  the  mture  of  the  gas.     It  is  inde- 
pendent of  their  densities  or  any  of  their  known  properties. 

TABLE  OF  TKAMSPIRABILITY  OF  OASES. 


Name  of  gwet. 

Time  for  traodpiratioii 

Velocity  of 

of  equal  Tolumes. 

traoflpiration. 

Ozygeo, 

i-ooo 

1- 

Air, 

•9030 

1-1074 

Nitrogeo, 

•8768 

1141 

Binoxjd  of  nitrogen, 

•8764    * 

1141 

Carbonic  ozyd. 

•8787 

1*144 

Protozyd  of  nitrogen. 

^498 

1-884 

Hydrochloric  acid. 

•7868 

1-861 

Carbonic  acid. 

•7800 

1-869 

Sulphurous  acid. 

•6500 

1-588 

Sulphuretted  hydrogen. 
Light  carburetted  hydrogen. 

-6195 

1-614 

•6610 

1-815 

Ammonia, 

•0115 

1-985 

CvanogcD, 

lUavy  carburetted  hydrogen 

•5060 

1-976 

•5051 

1-980 

Hydrogen, 

•4870 

2-228 

Of  all  gases  tried,  oxygen  has  the  slowest  rate  of  transpiration, 
and  hence  is  taken  as  the  standard  of  comparison  for  <iie  other 
gases,  in  the  preceding  table. 

It  is  observed  that  a  mixture  of  two  gases,  having  different 
rates  of  transpirability,  does  not  always  exhibit  a  transpirability 
which  is  a  mean  of  the  gases  when  separate,  yjith  carbonic 
oxyd,  air,  oxygen  and  nitrogen,  the  rates  of  transpiration  are  in 
direct  proportion  to  their  densities :  but  these  are,  probably, 
merely  coinddences,  as  no  regular  connection  with  the  densities 
of  the  other  gases  can  be  traced. 

852.  ICiztore  of  gases  with  liquids. — ^When  a  gas  comes  in 
contact  with  a  liquid,  even  when  there  is  no  chemical  action,  the 
gas  is  absorbed  in  a  quantity  varying  with  the  pressure  to  which 
it  is  subjected,  and  with  the  kind  of  gas.  Thus  the  constituents 
of  the  atmosphere  are  always  found  in  the  water  with  which  it 
is  in  contact 

This  may  be  proved  by  the  apparatus,  fig.  218,  oonsitting  of  a 
flask,  V,  furnished  with  a  bent  tube,  both  filled  with  the  water  to  be 
examined.     Upon  boiling  the  water  in  the  flask,  the  dissolved  gas 


What  is  taken  as  the  unit  of  transpirabilitv  f  Give  the  trans- 
pirability of  different  gases  f  Is  there  any  observed  relation  be- 
tween the  densitv  and  transpirability  of  a  gas  f  852.  What  is  said 
of  the  mixture  of  gases  with  liquids  f 

10* 


sepftratea,  and  is  collected  in  iha  grkdoatad  tubs,  t,  flll»d  vitli  imr- 
2tB  inuj.     Bjtha  analyBiiof 

tile  eoUecUd  gMeoiu  miz- 
tuM,  tha  proportion  m 
found  in  which  oAh  of 
Ui«  gue««xiat«d  in  tb*  li- 
quid which  hM  bMn  op«- 
rntad  upon. 


Experiment  b>B    de- 

I   inoiistT»t«d  thftt  the  mix- 

I   tuToofg«a«flwithUquidi 

'  Q  ftccordance  with  tba 

'three  following  Uws. 

1. — For  the  tam«  gat,  tht  taoM  U^id,  and  the  lama  tempmrm- 

tvre,  the  weight  of  the  gat  i^norbed  U  proportional  to  theprtt- 

tvre;  that  U,  that  at  all  pretiura  the  tohiM*  dtMoUed  m  the 


3. — The  quantity  of  gae  abtorbtd  it  greater  a*  the  tempera- 
ture i*  lower. 

B. — The  quantity  of  gas  v>hich  a  liquid  will  diitohe,  it  inde- 
pendent of  the  quantity  and  nature  of  the  other  gate*  it  holdt 
in  eolution. 

Thus,  if  instead  of  Iwo  elastic  flaidi,  the  atmosphere  wm  eompcaed 
of  nanj,  each  would  be  abaorbed  as  if  it  were  alone,  keepingiQ  ao- 
eouDi  the  prrsaure  wbieb  is  proper  to  iL  Thus  oxygen,  forming  ona- 
fifUi  of  the  Btinosphere,  water,  under  ordiaarj  conditions,  abaorfa* 
prrciaely  as  mueh  oxygen  as  if  the  atmosphere  were  entirely  com- 
posed of  tliis  gu,  sustaining  a  preanre  equal  to  ona-fifUi  (ImU  of 
the  atmosphere. 

853.  Abaorptlon  of  gaiM  by  aoUd  bodlea. — Host  porous  BoU<l 
bodies  possess  the  property  ofabsorbingmany  times  their  Toluma 
of  gases  without  any  chemical  action  taking  place.  The  con- 
donned  gases  have  always  a  much  greater  elasticity  than  the  at- 
mosphere, always  being  disengaged  when  the  temperature  is 
raised.  The  absorption  of  diSeront  gases  by  charcoal,  has  al- 
ready been  noticed.  (307.) 

According  to  &L   DObereiner,  platinum,  in  a  state  of  extreme  di- 

SCt.  What  t*  said  of  the  absorption  of  sases  by  solid  bodieet 
What  is  laid  of  the  absorption  of  oi^-gen  Z^  platinum  f  What  U 
tile  force  with  which  liie  oxygen  in  tins  caMi  is  cuadensud  F 
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viiion,  (pUtitmm  tponge,)  u  tbo  iridium,  abaorb  fVom  800  to  2S0 
times  thalr  Tolame  of  oxygen,  vithout  combioing  Qhemicallj  with 
it,  and  ai  oxygen  forma  bat  one-fifth  part  of  tha  atmoaphere,  thej 
■ra  condsDcsd  with  ■  force  aqnal  to  1000  or  1S90  atmospharao.  IS. 
M.  SaDUUN  and  Dobertioer,  diKovered  that  tha  gaaea  coDdenwd  io 
porooa  bodiei,  acqnired  new  cheiniaaLl  properties,  and  M,  H.  Thenard 
and  Dnlong,  have  demongtratad  that  the  property ;  poauaaed  by 
spongy  platinnm  ia  dna  to  ita  pomeity ;  for  thin  alieeta  of  metal, 
packed  cloaely  together,  pnlTsriied  or  orushad  glaas,  or  porcelain, 
prodacad  the  tame  phanomena,  though  not  to  the  aame  extenL 

864.  Bjitngta  Ump. — The  abeorptJon  of  hydrogen  by  plA- 
tintun  sponge,  ia  accompanied  with  such  ta  elcmtion  of  temper- 
ature, that  the  metal  beoomes  incudeacent  The  hydbigen 
lamp  invented  by  Dobereiner  depends  on  this  fiut ;  one  of  the 
moat  convenient  forma  of  this  apparatus  is  seen  in  flg.  219. 


It    0 


)  of  a 


raaael  eontaining  water  mixed  witli  anlphnrie 
ir  a  glaaa  eylindar,  eon- 


aeid,  aod  having  anipanded  from  ila  e 

nactad  with  the  stopMiook,  R     Wtthia  the 

cylinder  ia  anapandad  a  maaa  of  tine  finp- 

poaing  X  to  be  «lo«ed,  and  the  zinc  and 

water  in  oontact,  hydrogen  ia  generated, 

which,   a*  it    aocninnlatea,  displaeai  Uie 

water  antil  the  lino  ia  not  touched  by  the 

liquid  ;  the  evolulioD   of  bydrogoD   then 

ceaaea.  If  we  nav  open  Sby  preaiingnpon 

the  lever  e,  a  jet  of  hydrogen  eacapea  by 

the  aperture  a,  and  ii  direoted  npon  a  maaa 

of  platinum  aponga  placed  in  P,  which 

becoming  red,  inflamaa  the  hydrogen.     At 

the  aame  time  that  JI  ia  opened  by  praaa- 

ing  upon  (,  a  amaU   lamp,  L,  ia  moved 

forward,  and  ita  wiek  ooming  in  eoiitaet 

with   ^le  ignited  Jet  of  hydrogen,  ia  in. 

flamed.     When  w*  eeaw  to  preas  en  c,  the  ^ 

Hlup-cock  cloaca,  and  the  lamp  retumi  to 

ita  original  poaition  by  maaoa  of  a  apring  and  rack  movement     If 

the  platinam  loaea  ita  property  of  iniUming  hydrogen,  it  nay  be 

restored  by  heating  it  to  redneaa  in  a  hydrogen  flatne. 

To  what  ia  thiaabaorptivepowarof  platinum  dual  BB4.  Whatia 
taid  of  the  effect  of  the  abaorplion  of  hydrogen  by  platinuoi  aponge  I 
Deaeribo  lUberelner'a  hydrogen  lamp  t 


866.  Bdlowa. — ^The  most  oommon  instmment  S»  prodmang 
a  curreat  of  kir  is  tho  ordinu?  b«lli>WB,  fig.  220,  consiBting  of 
two  leaves  ofwood  united  by  leather,  and  luTiog  attheir  snudkr 
extremitj  a  tube  of  met&l ;  k  tiJvo  is  pUced  in  the  lower  leal| 
opeaing  upwards. 

Wbea  the  leaTct  are  preiMd  togathw,  the  taIt^  «  cIomc,  Md  the  e«n- 
SiO  tained  air  eteapM  throngb 

L  Bat  whsn  Iha  lesTM  v* 
Mpanted,  air  riuhe*  ia 
thrangli  tha  vnlve  ood  «l«o 
tbroogfa  tha  tuba,  thioiigb 
whiali  bat  it  ii  «j«at«d 
npon    proiiig  tha  la«T«a 

1  wltli  >  oootliniou  UuL— la  tb«  or^iaarj  bd- 
lows,  the  blast  of  air  is  iiitermitt«DL  Where  a  contJimouB  Jet 
is  wanted,  as  at  a  smith's  Ibrge,  a  double  blast  bellowa  is  used, 
fig.  221. 

221  Thii  conniU  of  thre«  [^ecea 

flf  vnni,  of  which  one,  D,  n 
iiiinioviible,   (he    others    are 
cnnnerttd  with  thia  by  meana 
of  lenlber.     The  apparatoa  ia 
dii-iJuJ  into   two   oompart- 
tr  r,  the    btaat-pipe 
licatea  with  the  ooa 
e  ;  in  Ihc  lower  ane.  air 
itroduced    throDgb    tha 
r  valve,  S     When   the 
is  ilrawD  down,  aaahown 
ho  arrow,  the  Talra,  S, 
>,  and  the  air  being  eom- 
cil,  pawea  into  17 through 

inWea  T  r,  raiaiag  C  B, 

and  partially  escaping  through  the  ti'be.  With  the  re»er»«  mo- 
tion, (accelerated  by  tl.e  weight  P.)  the  valvea  r  r  close,  and  tha 
exterior  air  cntera  V  by  the  valve  S  During  thia  time,  the  upper 
weight,  }",  cnuspi  C  B  to  descend,  and  thus  there  is  continually  an 
escape  of  air  by  tlio  blast-pipo.  Tlie  weight  may  be  rp]>laced  by  a 
spring 


BBT.  Panaea  Uowm— In  great  forg«»,  wd  in  fiinwcM, 
blowing  muhinee  «re  employed,  by  means  of  which  a  large  vol- 
ume of  air  is  forced  into  the  Are;  these  machines  are  of  very 
various  constructioa. 

fig,  SSI  rcprtecintn  one  of  them  ;  it  eon*iita  of  a  cut  iron  erlinder, 
eontaining  a  piiton,  p,  of  whieh  the  rod,  I,  paMoe,  air  light,  through 
a  paokmg  bax,rf;  thera  32% 

ars  fonr  valvei,  two  »f 
whieh  ■  a'  opening  in- 
ward*, draw  in  dr;  the 
ur  pawea  oat  through 
the  valvei  (  V  whieh  open 
oQtwarda  The  piitoD  b 
•«t  in  raoUon  b;  a  iteam 
engine  or  water  wheel; 
dnriag  its  Aieml  the 
valVM  a  and  V  odIj  are 
opened ;  throngh  the  Siat, 
air  ii  drawn  in,  through 
the  teoood,  it  ia  azpelled  t 
dnriug  the  atcMit  of  the 
piaton,  the  other  valveaa' 
and  h,  act  in  the  mmiM 
Djannar.  The  expired  and 
aamprewadairiereeaived 
into  the  tube  g  k,  throagh  whieh  it  it 


1  rayed  to  the  (nmace. 


I  compressed  gas 
Mcapes  fhiin  any  opening  in  a  thin  wall,  the  velocity  of  its  es- 
cape depends  on  the  diflerwco  of  the  interiiH'  and  exterior  pres- 
sures, and  on  the  densi^  of  the  gas  passing  out    It  has  been 

1. — Tbttt  vith  tlu  aoMM  ga*  at  the  tame  Umperatvre,  the  ve- 
loeitjf  of  iU  Jteu  i»t9  a  eowfiM  ii  the  tame  at  any  preemre. 

That  i>.  if  we  had  a  vevel  filled  with  air,  compresMd  at  1,  S,  8  or 
inoo  atmoaphcrca,  and  aDowed  it  to  eeeape  by  a  nnallorifiee,  the  Te- 
locity of  ita  flow  would  ba  the  eame  during  the  whole  time  of  iU 
(liacbai^  Dot  the  quantity  of  the  gai  tliat  could  eecape  in  the 
sauie  time  nonld  vary,  being  evidently  proportional  to  the  deniity 

HST.  l)HCribe  the  fUmaca  blower  rcpreientad  in  the  flgnre.  8G8. 
What  is  Mid  of  the  eaeape  of  comprawed  gaieaf  What  i«  the  fint 
law  that  ha>  been  proved  1     QIto  an  illuitration. 


of  th«  gai,  thkt  ia,  to  the  preuiiFe.  If  tha  eooape  took  pla««  In  ■ 
g»»,  ai  air,  ioittead  of  io  a  vaouum,  the  Telocity  ia  then  propocUotial 
to  the  differsDce  bstweea  the  elaatio  force  of  tha  interior  «iid  «zt*- 


S. — Tht  Mloeitj/  tif  th«  eteapt  of  gate*  into  a  voMum  u  in 
imerie  ratio  to  the  iquart  root  of  tieir  dentitiM. 

Where  the  gu  escapes  through  long  tubes  Iiut«*d  of  throui^ 
orifices  in  a  thin  wall,  the  Telodtj  is  Teiy  much  diminished,  b»- 
c*use  of  the  friction,  and  b  less  in  proportion  u  the  tube  is 
longer  and  its  diameter  HRMlIer. 
S69.  Rieomatio  Ink  bottle. — In  tiie  pneumatic  ink  bottle,  fig. 
S23  S2S,  the  ink  in  the  tube  «  is  kept  csoo- 

stantly  at  newly  the  same  lereL  By 
inclining  the  bottle  it  may  be  filled  as 
I  in  A.  The  ink  in  A  tsnds  to  fbrea 
itself  In  (be  tube  C,  but  ia  opposed  hj 
^  the  atmogpheric  pressure,  which  is  moclt 
greater  than  the  pressure  of  the  column 
of  ink  in  ^.  Ah  the  ink  in  C  is  consumed,  its  sur&ce,  GJling, 
will  allowasmall  bubble  ofair  to  enter  J,  where  it  will  exert  an 
elastic  pressure,  and  cause  the  ink  in  £7  to  rise  a  little  higher. 
This  effect  will  be  continually  repeated  until  the  bottle  is  emp- 
tied of  ink.  Bird-cage  fountains  are  constructed  on  a  simitar 
principle. 

800.  The  syphon^ — The  syphon  used  for  decanting  liquids,  de- 
pends for  its  operation  on  Uie  principle  of  atmospheric  pressure. 
It  consists  of  a  bent  tube,  V,  fig.  224,  hating  one  of  its  aims 
longer  than  the  other.  It  raay  be  filled  by  turning  it  orer,  and 
pouring  the  liquid  in,  or  by  immorsing  the  shorter  arm  in  a  TMsel 
of  water,  and  applying  the  mouth  at  5' ;  upon  exhausting  the 
air,  tho  water  will  be  forced  up  by  atmospheric  prtsstire,  to  sup- 
ply  the  place  of  the  air  withdrawn,  and  there  will  then  be  a  con- 
tinual discharge  until  the  vessel  is  emptied. 

The  two  braoch**  being  filled  with  liquid,  tha  preMQres  ex- 
erted at  tha  poinle  h  and  n  will  be  equal,  for  they  are  on  the  Mine 
leTel ;  but  the  preaanre  eierted^at  i'  will  be  greater,  bacauae  of 
the  column  n  h\  and  the  liquid  will  ceoape  froin  thia  long  branoh 
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b«MiiM  of  thii  ezom  of  previira,  uid  will  drmw  with  it  tha  liquid 
in  Uie  ihortar  branoh ;  if  the  and  of  thi*  b«  immen«d,        S21 

IbcN  will  be  ft  eonUmiml  diiolurgt  u  long  u  i  ii  below         

the  •arba«  of  the  liquid,  for  the  aUnoiplieria  preMore    /f^^ 
will  caOM  the  liquid  to  woand,  to  enpply  the  plMe  of 
that  which  i*  punng  out ;  otherwiie  there  would  b«  • 
vumum  prodooed. 

It  is  erident  Oat  water  could  not  be  niaed  bj  meuis 
of  a  Bypbon  more  than  thirty-four  foet;  for  a  colunm 
ofwat«rorthat  height  is  in  equilibrium  with  thoprCB-^^- 
auro  of  the  atnuwphera.  (8S0.)  The  velocitj  of  the 
flaw  from  a  aypbou  will  be  the  game  as  if  ttu  liquid 
full  freely  Crom  a  heightequal  to  the  distaDoe  between 
thu  level  of  the  liquid  in  the  TeMd  and  the  end  of  the 
long  um.  ToavoidtheueceMitjr  of  flUinga^jphoDbTpourii^ 
the  form  repreeent«d  in  fl^  SSS  ii  empl^etL    To  226 


limb  is  closed  by  the  finger,  while  a  pvtU  TMottm,  // 
crcalcdby  sucking  at  the  imall  ascending  tube,  to, 
occexions  the  liquid  to  pau  mtr  aa  In  the  ordinary 
syphon. 

801.  IntmnUtantijphoB.  Tanlala^  wiMr~ng. 
82C,  consists  of  a  TeMd,  A,  containing  a  ajphon, 
ofwhichoneofthebrancheaopensbelowthebottom  Li^n 
of  the  vessel ;  the  other  is  curved.  When  water 
is  puured  into  the  vessel  A,  it  will  rise  to  the  same 
height  in  (he  interior  of  the  tube  as  it  attains  out- 
side. Tho  tube  will  not  act  as  a  syphon  until  the  jl 
vessel  is  flllod  to  the  height  n,  but  when  it  reaches  that  point, 


the  water  will  flow  through  a,  into  the  long  bnuich,  filling  it  com- 

Wliat  detenalne*  and  limit*  its  oMratioo  I  What  ii  the  velodly  of 
the  flow  from  a  ty  pboa  I    What  i«  the  ailvsuUgfl  of  a  brandi  lyphon  I 


plttAj,  and  tbe  »yphon  brang  now  supplied,  wiU  dischuge  wkUr 
until  the  Tcwel  is  emptied.  The  syphon  diej  be  concealed  in  k 
little  image,  fig.  22T,  £,  represeiituig  Tantalus,  so  that  just  before 
the  water  touches  his  lips  the  syphon  ia  filled,  and  the  Teesel  is 
emptied. 

862.  InteralttaBt  qslngB. — Then  exist  in  nature  intermittant 
springs,  the  water  flowing  regularly  for  a  time,  and  then  snd- 
d^y  ceasing.    In  these  springs  the  opening^  as  at  a,  fl^  838, 


communicates  with  asuhterranean  cavity  O,  by  means  of  a  chan- 
nel, anb,  which  has  the  form  of  a  syphon.  This  cavity  is  grad- 
ually filled,  until  at  last  the  water  attains  the  level »  n,  when  tha 
syphon  is  filled,  and  the  water  escapee.  If  the  syphon  dischargM 
the  water  faster  than  it  flows  into  C,  after  a  time  its  level  wouM 
be  lowered  tab;  air  would  then  rush  in  by  the  syphon,  the  flow 
of  water  would  cease,  and  would  not  recommence  until  it  Iwd 
i^ain  attuned  the  level  n  n. 

863.  latarmlttent  fianntaln. — The  intermittent  fonntun  ocm- 
sists  of  a  vessel  of  glsss,  C,  fig.  229,  wh(«e  aperture  for  the  ad- 
mission of  water  is  hermetically  sealed  by  an  accurately  ground 
stopper. 

A  glau  tabe  A,  potiet  throagfa  the  veuel  C,  its  npp«r  end  termi- 
nating above  the  surface  of  the  liquid ;  iu  lower  eod  reata  in  a  c«p- 

36).  Deoerlbe  Ihe  intermitMnt  ajphoo  Called  Tsnlalui'  Toa*. 
SBS.  What  ii  said  of  iatermitlect  ipriugBt     DcMribe  their  toodo  of 


per  eiitati,  B,  whiah  hai  a  mwll  Bpattai 
The  globa  bsing  puiikQ;  6\Ui,  the 
WBt«r  SMftpei  through  the  eapillaiy  or- 
ifices of  tha  tnbe  itO.in  ooaMqaenes 
of  the  •tmo«pb«ric  prMsllre  tnDunit- 
ted  through  the lowarand  of  the  taba 
A.  WheDtheeudofthittube  beoome* 
eoT«red  'with  iratar,  irhich  mfter  ft 
time  happen*,  (beeaoMthe  orifioe  in 
the  oietem  B,  doee  not  aUotr  eo  great 
a  flow  of  water  m  can  eM»p«  from 
the  tube!  stD,)  the  exterior  air  eaDDot 
entar  the  globe,  and  in  eonaaqneose 
the  flow  eaaaaa.  The  water  eonUnn- 
ing  to  eioape  from  ^,  in  a  tittle  time 
the  snrboe  i«  ao  mash  lowered,  that 
the  end  ofthe  tube,  ^  It  ont  of  water; 
the  air  then  entering  the  globe,  the 
eieape  raMiaiineDiiea,  and  so  oontinoea 
at  interrala  UitJl   O  i»  emptied  of 

3M.  Aii-fmap, — Tha  ur-pump 
dcBigned  to  produce  a  Tftcaum  in 
taj  confined  space,  wu  inventad  4 

by    Otto  Guericke,  burgomaster  of  '% 

Uadgeburgh,  in  IGSO.  It  oonaists  eswntialljr  of  a  hollow  bl- 
inder of  met«l  or  glus,  A,  fig.  880,  in  which  the  piston,  ^  woriu 
air-tight  The  cylindjsr  is  connected  by  the  tube,  e  e,  with  dw 
plate  E£,  oa  which  the  receiver  B  rests.  A  ralTe,  d,  opening 
upwards  is  placed  in  the  piston,  B.  At  the  end  of  the  tube 
e  e,  terminating  in  the  barrel,  is  asccoDdTBlTe,<i,  also  opening  up- 
wards. This  nlve  is  connected  with  the  rod  b,  which  moves  air- 
tight through  the  piston,  B.  As  the  pist<»i  rises,  this  valve 
opens,  and  closes  when  the  piston  descends.  By  means  of  the 
stop,  F,  we  may  open  and  close  commimication  between  the  re- 
ceiver and  the  barrel  of  the  pump,  or  with  the  oxtwnal  air  by 
removing  the  plug/ 

To  ezhauat  the  receiver  i^of  air,  the  jMfton  £,  ii  raised  by  a  lever, 
(not  seen  in  the  figure,)  when  the  ^r,  expanding,  paves  through  the 
air-way  wboae  valve,  a,  is  raised  with  the  piaton,  by  its  friction  od  the 

8«>.  Deecribe  the  intermittent  foantain,  flg.  939.  864,  Who  wis 
the  inventor  of  the  ur-pnmp  t    Deeeribe  its  oonatraction. 


w^^bthn  contained  in  A  ia  hot  dUAMad  thronghtha 
****  J «••*  i«  tl>e  cylinder  A,  balov  tha  puton  R  By  the  da- 
VL/jflijt  nktoD,  the  »olve  a  ii  imUntly  doted,  and  the  air  oon- 
jT^  (,  thefliader  euapet  through  d,  tba  valve  in  the  piiton.  At 
.  jjjtTiifceof  thepiitOD,  theairin.Pthn<Biperienceaaraoew«d 
.jiiin'",  antil  at  U«I  ft  good  Taaonm  ia  obtaiMl 


The  extent  of  the  exhaustion  of  ur  is  measured  at  ereiy  in- 
stant by  a  gauge.  This  gauge  shon-u  the  difference  in  level  which 
the  mercury  takes  in  the  two  branches  of  a  curved  tube,  one 
end  of  which  is  cloned,  and  the  other  open  as  in  a  barometer. 
Thin  tubo  ia  covered  by  a  glass  cylinder  (?.  When  the  level  of 
the  mercury  in  both  branches  of  the  tube  is  the  same,  the  Ta- 
ouum  is  perfect,  andit  is  more  or  less  incomplete  as  the  difference 
In  tevolis  greater  or  Icsa.  From  a  graduated  scale  upou  the  tub^ 
the  precise  amount  of  the  exhaustion  is  ascertained. 

An  air-pump  with  twocylinders  is  ofUn  used,  the  pistons  of 
which  are  alternately  raiBcd  and  depressed. 

t6i.  Tatahi  double  acting  air-pump. — In  this  pump  a  double 
pinion  aolH  in  a  Hinglc  cylinder,  anil  the  instrument  may  be  re- 
ganlttd  aM  a  Kiiiglc-barrclcd  pump,  capable  of  perfonuimg  its 
work  with  only  one-half  the  usual  motion.     Fig.  2'i\  represonts 

l>MUibe  ito  mode  of  action,    llow  ii  the  extent  of  the  exliawlioa 


tbia  pump ;  A  and  £  are  solid  pistons  connected  by  %  rod,  tad 
mored  bj  the  piston  jvd  A  ff,  which  passes  through  the  stuff- 
ing box  3;  V  and  «  are  *alTes  opiuiing  outwards.  231 
£  is  •  tube  in  connection  with  the  plate  of  the 
pump. 

On  rsinng  tli«  piitonii,  the  air  abof*  A  ii  forced 
UiTODgh  Um  *a]Ta  V,  into  the  ktmoaphere,  while  a  va- 
ennin  it  being  formed  beatath  the  piiton  B.  When 
a  reaohei  the  top  of  the  ojlinder,  the  ur  from  the 
reoelTer  nuhea  through  the  pipe  B,  into  the  lower 
part  of  the  eylindeF.  Id  a  downward  stroke,  the  ai 
beneath  the  piiton  B  ia  propelled  through  the  Talve 
V  into  the  atmoapbere,  while  a  Taeuum  la  being  form- 
ed above  the  piaton  A,  and  ao  on. 

The  double  piston  performs  a  double  dutj  at  everj  single 
stroke  as  compared  wiUi  the  oonimon  pump.  To  effect  tbo  same 
exhaustion,  the  drinng  power  moves  over  only  half  the  space, 
and  as  the  exhaastion  proceed^  the  pressure  requisite  for  moving 
the  pistons,  becomes  less  and  less ;  the  contrary  is  the  case  in 
the  common  air  purop. 

890.  Vaoanm  m*"***^- — It  is  plain,  on  a  moment's  reflection, 
that  by  mechanical  moans  alone,  it  is  impossible  to  produce  a 
perfect  vacuum.  There  must  always  remain  a  certtun  volume 
of  air,  inferior  in  tension  to  the  gravity  and  friction  of  the  pump 
valvw.  By  employing  an  atmosphere  of  dry  hydrogen  to  rinse 
out  the  residue  of  oommon  air  from  an  exhausted  receiver,  an 
i^roacfa  to  a  perfect  vacuum  is  made,  inversely  as  the  density  of 
the  two  gases.  Also  by  using  carbonic  acid  for  the  same  end, 
and  absorbing  the  residue  of  this  gas  by  dry  quick'lime  pre- 
viously placed  on  the  pump  plate,  a  perfect  vacuum  may  be  pro- 
duced ;  but  by  chemical  and  not  by  mechanical  means. 

*867.  FT™n^**f  TTi-Tlmaiif  i — Very  numerous  and  instructive 
experiments  may  he  made  by  moans  of  a  good  air-pump  and  its 
accessory  appantoB,  a  full  account  of  which  would  occupy  too 
much  of  our  limited  space.  The  catalogues  of  the  lending  in- 
strument makers  will  he  found  to  contain  all  needful  details  for 
the  successful  performance  of  those  experiments.  The  principles 
involved  have  been  already  sufficiantly  explained 

303.  What  ii  said  of  Tate'i  air.pnntp  I  How  ii  the  piati>n  eon- 
itruetedl  What  ii  the  ^tieo  of  the  valve*t  UaaeriU  the  ope- 
ratioD  of  this  pnmp.  S4S.  Why  is  the  TMuum  limited  I  Uow  u  a 
parfeot  vaennm  po«ihIe  T 


-This  macfaine  ia  osed  to  com- 
■awKciirw  M-aayothergas;  it  ia  constructed  like  the  MT'pump, 
fh(  -mI^  >fiSiM«nce  being  that  its  valves  open  in  a  contraij  di- 
4«u<MV  »i«:  downwards. 

V^  S3S  reprtwDta  a  longitadinal  seetioD  of  (Mt  fenu  of  thi*  ap- 
fMVlaa  When  the  pitton,  P,  U  loTored,  the  air  ii  eompmaad,  aad 
l^an  into  tha  reeeivsr,  D  B  D ;  when  the  phtoa  ••  raiaod,  the  Tatre 
•  it  opeoad  bj  the  exterior  air  which  rtahee  into  the  barrel  of  the 


pnmp.  while  thecompreaaedair  at  tha  reeetTsr  cloaee  the  Talre.A  It 
i*  flTident,  that  by  every  itroke  of  the  piiton,  aa  much  air  aa  filla  tha 
cylJDder  in  driven  into  the  receiver,  S,  which  beoome*  therefor*  filled 
with  an  almoaphere  propoKionally  more  dense  than  theaztenial  air. 

SG9.  Archlmadaa'  acraw^— The  Archimedea'  screw,  is  a  nw- 
SSH  chine  said  to  have  been  invented 

by  Archimedes  in  Egypt  to  aid 
the  inhabitants  in  clearing  tbo 
land  from  the  periodical  orcr- 
flowings  of  the  Nile.  The  fai- 
stniment  varies  in  its  form,  ac- 
cording to  the  manner  and  pttr- 
poscs  of  its  applicatioo.  To 
render  the  princi  plo  upon  wUcfa 
it  works  intelligible,  let  us  sup- 
pose a  tube  bent  in  the  fom  of 
1  cork-sct«w  and  indimd  In 
^{  the  wanner  shown  in  flg.  288. 


.IHCHIMUIBB    aCKEW.  887 

If  AballbopUcedin  ^,  it  will  fkll  to  ^  and  there  romam  &t  rest; 


if  the  flcren-  bo  now  turned  so  that  the  mouth  A,  is  placed  in 
est  pofiition,  the  point  Z^  during  such  93S 

a  motion,  will  ascend,  and  will  ns- 
stimc  the  highest  position  it  can  liuTe. 
The  ball  will  then  &I1  to  C;  b;  con- 
tinuinf;  the  revolution  of  the  Hcruw, 
the  ball  will  ascend  in  the  tube,  and 
Anally  will  be  discharged  t'ruiN  tliu 
uppcrniouth.    Thesamewould  luip- 
pen  with  a  portion  of  liquid.     If  tlu' 
lower  extrcmitj'  of  the  acri-w  whn 
intmersod  in  a  rcaerroir  of  liquitt. 
it  would  gradualljr  b«  carried  alun^ 
the  spiral  u  the  scrow  wmi  turncil,  to 
any  height  to  which  tho  screw  might 
extend.      In  practice,  the  screw  is 
more  commonlj  formed  of  n  cylin- 
der, to  tho  waILt  of  which  is  attached^ 
a  spiral  thread,  an  ahown  in  fig.  2:i 
Ileeldes  lifiuids,  thenu  machines  ■ 
lueil  lur  elevating  orca  in  mines, 
grain  in  breweries,  tc    I'liey  a 
commonly  used  nt  on  inclinntiiin  ' 
about  45°,  but  may  he  used  nt  ilii 
revolving  100  to  I200  times  a  minute. 


^lindor  in  whldh  It  works  is  placed  In  the  water  to  be  elevated, 
■o.that  the  valve  r,  fig.  238,  which  opens  upward,  is  always  im- 
meraed.  Tbeascendmgtubea&,coiiUinsavalve,J(  also  opening 
upwards,  and  an  air  chamber,  m  n, 

8>S  When  the  piitoD  f«  rusad,  S  is  oIai«d.  and 

watar  ii  introduced  by  the  optn  valra  r; 
npon  the  dcaoant  of  ths  piiton,  r  olo8«a,  and 
tha  water  i*  feroed  ialo  tha  ucaading  tube 
«  i.  The  reMTvoir,  m  h,  filled  with  air,  b 
designed  to  reodar  tha  jet  of  vapor  oontjn- 
noDi.  'When  tha  water  i*  foroad  by  the  piaton 
iota  the  tobe,  the  air  ia  eomprowad  ia  at  a  ; 
re-aatiog  afterwards  by  ita  elutieity,  it  eon- 
tinoes  to  drive  the  water  into  tiie  upper  put 
of  the  tabe,  aflar  Su  elosed,  and  while  the 
piston  ia  riiiDg. 

It  is  found  neceesaiy^to  have  the  air-cham  • 
ber  twenty-three  times  the  capacity  of  the 
body  of  the  purap,  in  order  to  render  the 
jet  continuous. 

375    Rotary  pomp. — The  rotary  pump 
IB  a  mechanical  contrivance  for  raising  water 
by  a  continuous  rotary  movement     Fig  S39  represents  one  of 


874.  What  i>  tha  c  tiitmclion  of  tlie  forcini;  pump  I  Wlial  ii  tha 
nn  of  tha  air  reservoir  I  What  niiut  bo  tlie  va|>u.-ily  uf  tha  air. 
chamber  in  order  to  work  cffsclivsly  ?  37G.  ]>eKribu  tJio  rotary 
pDmp.flg.  itt.     What  is  the  mod«  uf  its  operation  f 
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the  most  successful  of  these;  (Gary's.)  Within,  a  fixed  cylinder 
is  included  a  movable  drum,  B,  attached  to  the  axis,  Ay  and 
moving  with  it  The  heart-shaped  cam  surrounding  A,  is  immo- 
yable.  The  revolution  of  B,  causes  the  plates  or  pistons  c  e  to 
move  in  and  out^  fn  obedience  to  the  form  of  the  cam.  The  water 
enters  and  is  renioved  firom  the  chamber  through  the  ports  or 
valves,  L  and  M;  the  directions  are  indicated  by  the  arrows. 

The  cam  is  so  placed  that  each  valve  is  in  succession  forced  back 
into  its  seat  when  opposite  E,  while  at  the  same  time  the  other  valve 
is  driven  fully  into  the  eavity  of  the  chamber ;  thus  forcing  before 
it  the  water  already  there,  into  the  exit  pipe  H,  and  drawing  after 
it,  through  the  suction  pipe  F,  the  stream  of  supply.  When  the 
pump  is  set  in  action,  the  suction  pipe  is  g^radually  exhausted  of  air, 
in  which,  consequently,  the  water  ascends,  and  being  drawn  into 
the  cylinder,  it  is  carried  around  by  the  plates  e  e,  in  the  manner  just 
described. 

This  is  the  form  of  pump  often  employed  in  the  steam  fire- 
engines  which  are  now  coming  into  use. 

876.  Ftre-engine. — In  order  to  obtain  a  continuous  and  pow- 
erful jet  of  water  fh>m  fire  engines,  they  are  usually  constructed 
with  two  forcing  pumps,  which  are  alternately  discharging  water 
into  a  common  air  chamber.  The  pistons  are  moved  by  brakes, 
having  an  oscillating  motion.  The  water  firom  both  pumps, 
forced  into  the  air  chamber,  escapes  through  a  long  leathern  hose, 
terminated  by  a  metal  tube,  which  serves  to  direct  the  jet 

877.  Hiero'i  fountain. — ^In  this  apparatus  we  also  obtain  a  jet 
of  water  by  means  of  compressed  air,  produced  in  this  caso  by 
a  column  of  water.  A  common  form  of  this  apparatus  is  repre- 
sented by  fig.  240. 

It  consists  of  a  metallic  cistern  and  two  globes  of  glass.  The  cis- 
tern, D,  communicates  with  the  lower  part  of  the  globe  N,  by  the 
tube  B ;  A  second  tube.  A,  joins  the  globes,  ending  in  the  upper  part  of 
both ;  Af  is  partially  filled  with  water  ;  and  lastly,  a  third  tube 
passes  through  the  cistern,  and  terminates  at  the  bottom  of  M, 
The  upper  extremity  of  this  tube  has  a  small  orifice,  from  which  the 
jet  of  water  issues. 

Upon  pouring  water  into  the  cistem,  2>,  the  liquid  descends 
to  Nj  by  the  tube  B,  consequently  the  water  in  the  lower  globe, 

87  6.  What  is  said  of  fire-engines  f  877.  What  is  said  of  Iliero's  foun- 
tain f    Describe  the  fig.  240.     What  is  the  mode  of  its  operation  f 

11 
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jV^  Bupporta,  besidoB  the  atmospheric  pressure,  the  pressure  of 

the  column  of  water  in  the  tube.  This 
pressure  is  transmitted  to  the  air  in  the 
globe,  M^  which,  reacting  on  the  water, 
forces  it  out  through  the  jet,  as  seen  in 
the  figure.  If  there  was  no  friction, 
and  no  resistance  from  the  air,  the 
water  would  spout  to  a  height  equal 
to  the  difference  in  level  of  the  water 
in  the  two  globes. 

87B.  Hydraiillo  ram. — In  the  hy- 
draulic ram,  the  momentum  of  apart  of 
the  fluid  in  motion,  is  effectije  in  rais- 
ing another  portion.  A  simple  form 
of  this  apparatus  is  seen  in  fig.  241. 
The  water  descends  fi*om  the  spring  or 
brook,  A ,  through  the  pipe  B,  near  the 
end  of  which  is  an  air  chamber,  2>,  and 
rising  main,  F.  The  orifice  at  the  ex- 
treme end  of  B,  is  opened  and  closed 
by  a  valye,  ^,  opening  downwards. 


When  the  valve  E  is  open,  the  water 
flows  through  B,  until  the  current  be- 
comes sufficiently  rapid  to  raise  the  valve 
E,  and  thus  to  close  the  orifice.  The 
w  ater  in  B  having  its  motion  thus  sud- 
denly checked,  exerts  a  gTcat  ])re8sure, 
and  having  raised  the  valve  C,  will  rush 
into  the  air  vessel  D,  where  it  com- 
The  compressed  air  in  D,  because  of  its  elasticity, 
241 


presses  the  air. 


eanses  the  water  to  rise  in  the  pipe  F,  until  the  water  in  A  B,  is 


87s.  Whatisiaid  of  the  hydraulic  rami    Describe  its  cooBtruction. 
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brought  to  reat.  Whan  thii  talcee  place,  th«  prsnare  U  agua  insuffi- 
ci«Dt  to  nwtain  th«  weight  of  the  valre  E,  whieb  opeai,  (deecenda,) 
the  water  in  £  ii  ^ain  pot  io  motioo,  and  the  aame  serice  of  elfeota 
eniDe  aa  hare  already  been  dea>:ril>ed. 

The  hydraulic  nun,  when  well  consbiicted,  is  capable  of  utiliz- 
ing about  60  per  csut.  of  the  moring  power. 

879.  Saftty  tuhoa. — Chemical  apparatus  ia  often  supplied  with 
"  safety  tubes,"  in  order  to  avoid  explosions,  and  to  prevent  the 
mixing  of  the  liquids  contained  in  the  different  vossels  of  tho  ap- 

Suppoeing  that  from  tfao  flask  m,  fig.  242 

242,  agas  wasdisengagtid,  whichpassed, 
by  means  of  the  tube  a  b,  into  a  Tcssel, 
A,  containing  water,  to  absorb  the  gas. 
Upon  withdrawing  the  heat,  the  gas  it 
the  flask  would  have  a  less  elastic  force, 
andtheUquidin./l  would  thus  rise  in  the 
tube  and  pass  over  into  m,  destroying 
tho  process  and  often  breaking  tl 
seL     To  avoid  this  inconvenience,  safctyfl 
tubes  are  used.    The  simplest  c 
ofastiMghttube,  (7  0,  fig.  243,  passing  through  the  cork,  and  dip- 
ping into  th«  liquid  in  the  flask,  a  short  distance  below  the  surfiuw. 

When  the  tenaloD  of  the  gaa  in  M,  dijuiniahea,  the  atmoapherie 
preaaure  exerted  on  the  aurfaoe  i48 

of  the  liqnid  ip  B,  wilt  cauae  a 
portion  to  rise  in  D  A,  and  de- 
pr<«  that  contained  in  C,  ao 
that  air  eoten,  and  the  equili- 
briam  i*  reatored.  Again,  if 
more  gaa  ia  generated  than  can 
eaeape  through  tha  exit  tnbe 
A  D,  the  tuba  C  preventa  the 
bunting  of  the  flaak,  for  the  li- 
quid «ecapea  by  the  tuba  anlil 
the  aperture  s,  ia  open,  wlien 
the  eieeaa  of  gaa  ateapea.  The 
hydroatatia  preMura  exerted 
npontheflaahif.iameaiiifedbythe  height  of  (he  vertieal  column  HO. 

What  ia  the  mode  of  operation  t  879.  What  art  tafety  tubeat 
Whatiaaaid  of  fig.  24S|   Dewsribe  the  atraigbt  aafety  tube,  fig.  £43. 
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tions,  the  particles  which  haye  been  immediately  excited  by  the 
disturbing  cause,  communicate  their  motion  to  the  particles  next 
them,  and  as  this  movement  of  the  particles  is  successive,  the 
position  they  assume  at  any  particular  moment  during  their  mo- 
tion,  appears  to  advance  from  one  place  to  another. 

This  kind  of  undulation  is  observed  in  a  cord  made  fast  at  one  end, 
while  the  other  is  smartly  246 

shaken  up  and  down ;  the 
portion  of  the  cord  nearest 
the  hand  will  assume  the 
position  in  fig.  246,  I,  m 
dE  O.  Such  a  wave  does 
not  continue  stationary ;  m^^ 
the  moment  it  is  formed,  it 
advances  toward  the  other 
extremity  of  the  cord,  II,  ^*»" 
on  reaching  which.  III,  an 
inverted  curve  is  produced,  V  m ' 


Im 


nm' 


IV,  and  the  wave  returns,  V,  to  the  position  from  which  it  started, 
the  relative  position  of  the  elevation  and  depression  being  reversed. 
This  alternate  movement  may  be  repeated  a  number  of  times  before 
the  cord  comes  to  rest  These  are  sometimes  called  waves  of  <)rant- 
lation. 

882.  Stationary  nndnlatJona. — Undulations  are  termed  station- 
ary when  all  parts  of  the  body  assume  and  complete  their  motion 
at  the  same  time. 


Thus,  when  a  cord  stretched  between  A  B,  fig.  24S,  is  drawn  at  the 
middle  from  its  rectilinear  246 

position,  it  ultimately  re- 
covers its  original  position, 

after  performing  a  series  a|<C1;';":::.'.'.";j " ""r"."-"- --" -— "3iH° 

of  vibrations,  in  which  all  "''■"''•--IIIVJJIIVJ^- ---'"'' 

parts  of  the  cord  participate. 

383.  Zsoohronoua  wibratioiis. — Those  vibrations  that  perform 
their  journey  on  either  side  of  their  normal  position  in  equal 
times,  are  termed  isochronous,  (from  isot,  equal,  and  ehronos, 
time.) 

881.  Wliat  is  said  of  progressive  undulations  f  How  may  these 
motions  be  produced  f  Describe  the  fig.  246.  What  else  are  such 
wares  eallea  ?    882.  What  are  stationary  uad\iV«.UotA\ 
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Hie  movcmento  of  a  pendulum  furnish  a  perfect  illustration  of 
•uch  vibrations.  (161.) 

884.  Phases  of  nndulatioiis. — ^In  every  complete  oscillation,  or 
247  perfect  wave,  the  following  parts  may 

be  recognized.    The  curve  aeb  d  e^ 

fig.  247|  is  called  a  wave.    The  part 

^ — ^ ^ — a  e  ft,  which  rises  above  the  position 


of  equilibrium,  is  called  the  phase  of 
elevation  of  the  wave,  e  being  the 
point  of  greatest  elevation ;  the  curve 
hde^ls  called  the  phase  of  depression  of  the  wave,  the  point  d,  being 
that  of  greatest  depression.  The  distance  of  the  highest  point  e/^ 
above  the  position  of  equilibrium  is  called  the  height  of  the  wave, 
and  in  like  manner  the  distance  g  d^ot  the  lowest  point  below  the 
position  of  equilibrium,  is  called  the  depth  of  the  wave.  The  dis- 
tance, a  c^  between  the  beginning  of  the  elevation  and  end  of  the 
depression,  is  called  the  length  of  the  wave,  the  distance,  a  ft,  the 
length  of  the  elevation,  and  ft  <^  that  of  depression. 

885.  Nodal  points. — When  a  body,  as  a  string,  is  made  to  as- 
sume a  series  of  stationary  vibrations,  the  points  where  the  phases 
of  elevation  and  depression  intersect,  are  always  at  rest 

Let  the  cord  stretched  between  A  B,  fig.  248,  be  temporarily  fixed 

248  at  the  points  C  and  D,  and 

• — — V.  C  ^ ^  j}^ the  three  parts  be  drawn  at 

-A-/ !^^^ N(  ^^    the  same  moment  equally 

^^ .-^   ^ ^  ^**-.-.-^'»       in  contrary  directions,  so 

that  the  cord  will  assume  the  undulating  form  r%presentcd  in  the 
figure  ;  if  now  the  fixed  points  at  C  and  D  be  removed,  no  change 
will  take  place  in  the  vibratory  motion  of  the  cord ;  but  as  it  eon- 
tinues  to  vibrate,  the  points  C  and  D,  although  free,  will  be  ia  a 
•tate  of  rest 

Pieces  of  paper  resting  upon  these  points  will  be  undisturbed, 
while,  if  placed  on  the  intermediate  positions,  they  would  bo 
thrown  off  immediately.  These  are  called  nodal  points.  (Latin, 
nodti^  a  knot) 


88S.  What  are  isochronous  vibrations f  Give  an  example.  884. 
Mentiott  the  different  phases  of  a  wave  in  fig.  247.  38r).  What 
points  are  always  at  rest  in  a  series  of  stationary  vibrations  (  IIow 
may  this  be  shown  t 
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Vibration  of  Solids, 

886.  Solid  bodies. — ^All  solid  bodies  exhibit  the  phenomena  of 
vibration  in  yarious  forms  and  degrees,  yarjing  in  an  infinite 
yarioty  of  wajs,  according  to  the  form  of  the  body,  and  the  man- 
ner in  which  the  force  producing  the  vibration  is  applied. 

887.  Foniis  of  vibration. — ^Bodies  of  a  linear  form,  as  tense 
strings,  fine  wire,  &c^  are  susceptible  of  three  kinds  of  yibration^ 
which  are  called  (1st)  tiie  transverse,  (2d)  the  longitudinal  and  (8d) 
the  torsional  vibrations.  A  simple  apparatus  to  exhibit  these  ef- 
fects experimentally,  contrived  by  Pro£  August;  is  represented 
in  fig.  249.  It  consists  of  a  spirally  twisted  wire,  stretched  fiH>m 
a  fnmo  by  a  weight  If  the  weight  be  raised  to  A^  and  then  let 
fall,  it  will  advance  and  recede  from  its  normal  position,  the  wire 
performing  a  series  of  longitudinal  vibratiom, 

Trannerse  vibratiom  are  produced  by  confining 
the  lower  end  of  the  wire  by  a  clamp.  The  wire  is  then 
drawn  fi^m  its  position  of  equilibrium  and  suddenly 
lot  ga  The  vibrations  which  it  then  makes,  shown 
by  the  dotted  lines,  are  transverse  to  the  axis  of  the 
wire.  Toriional  vibrations  are  produced  by  turn- 
ing the  weight  around  its  vertical  axis;  upon 
lotting  go,  the  torsion,  or  twist  of  the  wire,  causes 
it  to  turn  back,  its  inertia  carrying  it  beyond  its 
position  of  equilibrium,  until  arrested  by  the  resist- 
ance of  the  wire,  and  these  alternate  twLstings  will 
continue  with  a  constantly  decreasing  energy,  until 
gravity,  and  the  molecular  forces  of  the  solid,  restore  the  equi- 
librium. 

888.  Vibratioii  of  oorda. — Cords  and  wires,  as  is  familiarly 
seen  in  stringed  instruments,  have  their  elasticity  developed  by 
tension.  The  transverse  vibrations  of  a  body  are  well  illustrated 
by  the  simple  apparatus  annexed. 

ThuB  if  the  cord  a  f  b,  fig:  2A0,  be  drawn  out  in  the  middle  to 
ae  b,  upon  being  let  go,  its  elat-  260 

tioity  causes  it  to  reUun  to  ita 
former  position.  Thk  movement  < 
is  effected  with  ao  aeeelerated 

386.  What  is  said  of  solid  bodies  f  887.  What  three  kinds  of  vibra- 
tion are  linear  forms  saieeptible  off  Describe  Prof  Aaff«st|s  appara- 
tus. How  may  longitudinal  vibrations  be  shown  with  itf  How 
transverse  vibratioiia  T    How  torsional  vvbt«i9u\oiv%\ 
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Teloeity,  and  if  tt  iU  maximam  'when  the  cord  has  reached  the  line 
of  equilibrinm  a  /  &,  consequently  it  passes  with  a  constantly  de- 
oreasing  Telocity  to  a  d  h,  where  its  motion  is  nothing ;  it  then  re- 
tnms  to  a  fb,  and  so  continues. 

One  complete  moyement,  (as  from  aeh  to  ad  hj)iB  termed  an 
oscillation  or  yibration,  and  the  time  occupied  in  performing  it  is 
called  the  time  of  oscillation.  The  yibrations  of  tense  stiingps 
are  isochronous. 

889.  Zrfnrs  of  the  vibratloii  of  cords. — Calculation  and  exper- 
iment have  demonstrated,  that  the  yibration  of  cords  is  in  accord- 
anoe  with  the  four  following  laws. 

1. — ne  tension  being  the  eame,  the  number  of  ffibratunu  of 
a  tord  u  in  inveree  ratio  to  it$  length. 

That  is,  if  an  extended  eord,  as  of  a  riolin,  makes  in  a  eertain 
time  a  nnmber  of  yibrationa,  represented  by  1,  then,  in  order  to 
make  a  number  of  vibrations,  represented  respectively  by  9;  8,4,  the 
cord  must  be  i,  },  ^  as  long. 

2. — Tlte  tension  being  the  satne^  the  number  of  vibrations  in 
cords  qf  the  same  material^  is  in  the  inverse  ratio  of  their  thick- 
ness or  diameter. 

That  is,  if  we  take  two  cords  or  wires  of  the  same  length,  of  cop- 
per or  steel,  as  those  of  a  piano,  one  of  which  is  twice  the  diameter 
of  the  other,  and  which  vibrate  equal  lengths,  the  small  one  will 
make,  in  the  same  time,  twice  as  many  vibrations  as  the  larger. 

8. — T^e  number  of  vibrations  of  a  cord  is  proportional  to  th^ 
square  root  of  the  weight  it  carries. 

That  is,  if  we  re]>resent  by  1  the  number  of  vibrations  made  by  a 
cord,  extended  by  a  weight  of  1,  then  the  number  of  vibrations 
made  by  a  similar  cord  of  the  same  length,  in  the  same  time,  becomes 
respectively  2,  8,  4,  ^c  when  the  weight  is  increased,  to  4, 9, 16,  ^c. 
Thus,  if  we  would  cause  a  given  cord,  as  of  a  violin,  to  vibrate 
with  a  four-fold  velocity,  it  is  necessary  to  strain  it  to  sixteen-fold 
the  original  tension. 


888.  What  is  s^d  of  the  vibration  of  cords  7  What  is  the  com- 
plete movement  called  f  What  is  the  time  of  oscillation  7  889. 
What  is  the  1st  law  of  the  vibration  of  cords  f  Give  an  example. 
What  the  Sd»  8d,  and  4th  laws  f    (iive  illustrations. 
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4 — All  other  things  being  equal,  the  number  of  vibrations  of 
a  cord  is  inversely  proportional  to  the  square  root  of  its  density. 

Thus,  if  we  take  a  cord  of  copper  which  has  a  density  of  9,  and 
one  of  cat-got,  whose  density  is  abovt  1,  the  namber  of  Tibi*ations 
of  the  last  in  the  same  time  will  be  three  timet  that  of  the  former. 

It  18  erident  that  these  laws  apply  only  to  homogeneous  cords, 
and  not  to  those  cords  which  are  covered  with  another  material, 
as  a  harp  string  of  cat-gut^  covered  with  metallio  wire. 

890.  VibrationB  of  rods. — Rods,  like  cords,  vibrate  both  in  lon- 
gitudinal and  transverse  directions.  If  they  itfe  fixed  firmly  by 
ono  of  their  extremities,  as  in  a  vice,  they  will  give,  when  set  in 
motion,  a  series  of  isochronous  vibrations. 

Elastic  rods  may,  like  strings,  be  divided  by  stationary  undu- 
lations into  several  vibrating  parts.  The  nodal  points  may  be 
ascertained  by  placing  upon  the  rods  light  rings  of  paper ;  these 
will  be  thrown  off  as  long  as  they  rest  upon  any  point  except  a 
node,  but  when  they  ifea^h  a  node,  they  will  remain  there  un- 
moved. 

The  space  between  the  free  extremity  and  the  first  nodal  point,  is 
equal  to  half  the  length  contained  between  two  nodal  points,  but  it 
vibrates  with  the  same  velocity.  Thns  a,  fig.  251,  being  the  fixed, 
and  h  the  free  end,  the  part  between  h  251 

and  e  is  half  the  distance  e  c'.  The'  ^  ^^  -^^c^^ 
nodal  points  may  be  rendered  sensible 
by  sand  strewn  upon  the  horisontal  surface  of  the  vibrating  rod  ; 
the  sand  is  seen  to  move  to  certain  points,  where  it  remains  station- 
ary ;  these  are  the  nodes. 

Rods  may  also,  like  cords,  vibrate  longitudinally,  and  the  nodal 
points  are  formed  in  the  same  manner.  It  has  been  observed  in 
elastic  rods  of  the  same  nature,  that  the  number  of  longitudinal 
vibrations  is  the  inverse  ratio  of  their  length,  whatever  may  be 
their  diameter  and  the  form  of  their  transverse  section. 

A  prismatic  bar,  vibrating  longitudinally,  undergoes  a  very 
considerable  increase  of  length,  which,  in  the*  state  of  repose, 


890.  What  is  said  of  the  vibration  of  rods  when  confined  at  one 
extremity  ?    What  is  said  of  nodal  points  in  vibrating  rodaf    How 
may  tlie  nodal  points  be  rendered  sensible  f    What  is  s^  of  the 
longitudinal  vibration  of  rods  f    What  of  the  number  of  tAcil<Qi&a\. 
vibrations  f 

11* 
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could  not  bo  produced  except  by  a  very  strong  tension,  while  the 
Yibratoiy  movement  is  obtained  by  a  very  feeble  force. 

The  number  of  vibrations  by  torsion  in  rods,  is  in  the  inverse 
ratio  of  their  length,  and  is  proportional  to  their  thickness,  the 
substance  in  all  cases  remaining  the  same. 

891.  Paths  of  vibratloii. — The  motion  performed  by  vibrating 
rods  is  often  very  complex.  This  may  be  beautifully  seen  by  the 
contrivance  of  Prof  Wheatstone,  consisting  of  a  polished  bead 
fiuBtened  on  the  extremity  of  an  elastic  rod,  as  of  a  knitting-neodlc, 
firmly  fixed  in  a  board  or  vice. 

Upon  making  the  rod  vibrate,  the  bead,  by  refleelion,  will  pro- 
duce a  coDtinuoua  line  of  light.  It  will  be  seen  that  the  arc  de- 
scribed is  not  circular,  but  the  rod  appears  to  be  impressed  at  the 
same  time  with  two  vibratory  movements,  at  right  angles  to  each 
other,  and  moves  in  a  curve  produced  by  a  composition  of  these 
forces. 


252 
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892.  Vibration  of  elastic  plates. — ^Vibrations  are  readily  ex- 
cited in  elastic  plates  by  the 
friction  of  a  violin-bow  or  by 
blows.  The  plate  may  be  con- 
fined either  at  its  centre,  or 
from  one  comer  in  the  vice, 
fig.  252,  resting  upon  a  cone  of 
cork,  Cy  and  pressed  by  the 
screw  a,  tipped  with  cork. 

In  the  vibration  of  plates,  no- 
dal lines  will  be  formed,  which 
do  not  participate  in  the  move- 
ments of  tlie  plane,  but  remain 
in  a  state  of  rest 

893.  Nodal  lines. — These  nodal  lines  answer  to  the  nodal 
points  in  linear  vibrations,  and  if  we  suppose  the  plane  to  be 
made  up  of  a  series  of  rods,  these  lines  will  answer  to  their  nodal 
points.  They  run  in  various  directions  across  the  vibrating  sur- 
face, the  contiguous  ones  moving  in  contrary  directions,  dividing 
the  pianos  into  numerous  portions  in  opposite  phases  of  vibration. 


391.  What  is  said  of  the  paths  of  vibrating  rodpf  How  in  this 
shown^J  l^f  Wheatptone'8  contrivance  7  '.i{>±  1  low  may  vibra- 
tions b«  axotted  In  elastic  plates  f     3U3.  What  is  said  of  nodal  lines  f 
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This  is  shown  in  fig.  258,  by  the  signs  +  •'^^  — » -^  JEl\mng  the 
vibrating   plane.      The  dimensions  of  253 

these  internodes,  (vibrating  portions,)  h  h 

are  regulated  in  the  same  manner  as     Ij^  ^      —       A.'\' 
those  of  vibrating  rods.     The  outside  ^ 
ones,  ab,  abf  are  always  half  the  sise  of  a 
those  in  the  interior.    The  nodal  lines 
vary  in  their  number  and  pocntion,  ae-  ' 
cording  to  the  form  of  the  plates,  their 
elasticity,  the  number  of  vibrations,  the 
mode  of  vibrating,  d&e.  . 

394.  Determination  of  the  posi- 
tion of  the  nodal  linea. — ^The  posi- 
tion of  the  nodal  lines  may  be  determined  by  scattering  sand 
or  other  fine  material  over  the  plate,  and  vibrating,  as  by  means 
of  a  violin-bow  drawn  across  the  edge  of  the  plate ;  the  grains 
of  sand  will  remain  upon  the  points  which  are  at  rest,  and  which 
arc  therefore  nodal  points.  Those  which  are  upon  vibrating 
portions,  will  be  thrown  aside  until,  after  a  time,  they  will  have 
settled  quietly  down  upon  the  nodal  lines. 

It  is  observed  that  if  lyeopodium,  or  some  other  very  light  powder, 
is  placed  upon  the  plates,  it  will  accumulate  on  those  parts  which 
are  in  greatest  vibration.  Mr.  Faraday  proved  that  this  phenome- 
non was  due  to  small  currents  of  air  produced  during  the  vibration  of 
the  plate,  and  which  drew  the  powder  with  them;  for  in  a  vacuum, 
the  powder  of  lycopodium  is  disposed,  like  sand,  upon  the  nodal 
lines,  and  for  the  same  reason ;  if  the  plate  covered  with  sand  Is 
vibrated  under  water,  the  sand  collects  upon  the  most  agitated 

portions  of  the  plate,  because  of  the  similar  currents  excited  in  the 
water  by  the  viorationa. 

395.  Laws  of  the  wlbratioii  of  planML — Observation  has  de- 
termined that  the  vibration  of  planes  of  the  same  substance,  and 
having  the  same  degree  of  rigidity,  are  subject  to  the  following 
laws. 

1. — Hiat  the  number  qf  the  vibratiani  i$  independent  of  the 
size  of  the  laminae, 
2. — It  is  proportional  to  their  thielcneu. 

What  of  their  position  f      How  is  this  shown  in  fig.  268 1      894* 
How  is  the  position  of  these  nodal  linea  determined  7     Whit  is  the 
result  if  a  very  light  powder  be  used,  or  if  the  vibration  take  \^UfiA 
in  water  1    896.  What  is  the  1st  law  of  \:he  V\\>t».Nao\i  o\  i|^^\ 
What  is  the  2d  law  7    What  the  8d  law  \ 
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8, — Jle  thiebntm  heing  Uie  tame,  it  U  in  inverte  ratio  of  (he 
tq^an  of  thtir  length. 

89B.  Method  of  dallDMittiignodalUnai^^AsthMe  nodal  lines 
usume  TMicw  uid  camplic*t«d  figures,  difficult  to  delinsAtc  with 
aocuncj  bj  common  drawing,  SavMt  replaced  the  sand  by 
powdered  litmus,  preriouBly  mixed  with  gum  water,  driud  and 
pulTerised  to  a  uniform  siie.  The  acoiutic  figures  being  pro- 
duced with  this  powder,  a  paper  moistened  with  gum  wKter  was 
Uien  gently  pressed  upon  them,  thua  giving  an  exact  transfer. 

Thii  method  gara  great  laailitie*  for  the  compariMm  and  (tndj  of 
th«M  fngitiT*  figure*,  lodifllGaUto  produce  with  perfect  identity,  and 
•nabled  the  inventor  to  dateRnin*  the  exact  limita  of  the  nodal  lioea 
and  area*  of  nneqaal  TibratioD. 

807.  Nodal  figniM. — Nodal  (or  acoustic)  figures  have  always 
a  great  symmetry  of  form,  and  their  lines  are  generally  as  much 


e  numerous  as  the  numbcr_of  vibrations  is  greater.  The 
same  plate  may  fur- 
nish an  infinite  va- 
riety of  ftgiin*. 
Thich  pass  from 
)nc  tn  another  in  a 


iii'l  not  by  sudden 
irks  Thua  the 
laurel  ah  rii  €  f, 
!(,  2S4  pass  into 
)]1L  another  with 
)ut  iiiti.rmission. 

Many      hundred 
repreaenta 


been    hf,iireJ      li 
iquarc  |  lal«B.    Triaii|{iiUr  and  polj 


SM.  How  may  nndnt  1inn>  bo  dcUnmlccl  t     R9i,  U'lint  i*  (aid  of 
the  fcrta  of  nodal  figure  I    IVLat  of  the  variety  of  f«nu  produced 


VUKinOM  or  MSMBBAms. 


pmtl  platM  til  give  ijmmetrioKt  Sguiet,  analogona  to  thOM  ob- 
UincJ  vith  aqDare  plates,  m  \i  teea  in  fig.  SCO.  With  circalar 
platM  it   ii  obeerTed  that  the  nodal  Udm  diatribate  theQuelree 


in  the  direction  of  the  diameter,  dividing  the  airel*  into  an  aqnal 
namber  or  pwta,  or  into  more  or  1e«a  regular  eiroolar  formi,  baring 
the  centre  of  the  plate  ai  tbeir  eommoD  eentre,  or  in  both  of  theie 
fornu  combined.  Fig,  U7  repreaenta  thee*  different  Tarietiee  of  form. 


308.  VtbraUoD  of  msmbraiMt. — The  fleiibilitj  of  membmiee 
does  not  permit  us  to  vibrate  them  unlosH  thej  are  stretched  as 
in  a  drum.  Thej  present  modox  of  vibration  which  have  much 
analogy  to  those  of  solid  plates,  vibrating  either  by  concussion, 
SB  in  the  drum,  or  by  the  influence  of  vibrations  in  the  dr.  If 
we  stretch  over  the  top  of  a  funnel  a  piece  of  moistened  bladder, 
uid  when  it  is  dry,  suspend  the  apparatus  by  a  knotted  hair, 
passed  ttirough  the  centre  of  the  membrane,  we  can  produce 
symmetrical  nodal  lines  upon  its  sur&cc,  strewed  with  sand,  by 
passing  the  fingers,  covered  with  resin,  over  the  liair.    The  samo 


.  triangular  and  polygonil  plates  I 
atea  r    U'Jt).  What  i*  taXi  of  Ili«  vi- 


tPrfVrl 
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iiuij  be  observed,  if  we  bring  tbe  membruie  neftr  » 
2SB  bell  while  it  is  vibr&ting. 

Tlio  acoustic  figures  ob- 
tained by    the  vibration 


n 


MMf 
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of  membranes  xm  ex- 
tremelj  roried.  Savart 
has  observed  that  squaro 
membranes  aie  divided 
bj  their  nodal  \inm  into 
the  same  forma  as  square 
plates  under  the  same  cir- 
cumstances, with  thisdif- 
ference,  that  the  vibra- 
ting parts  in  the  vicinity 
of  the  edges  are  smaller 
for  the  last,  while  they 
are  equal  to  the  others  in 
membranes.  Fig.  258  represents  a  few  of  the  forms  produced 
in  the  vibration  of  membranes.  It  has  been  found  that  wood 
and  metals,  in  very  thin  laminae,  vibrate  like  mcmbranea. 


Undulations  ^  liquids. 

890.  ProduoUOD  of  wave*. — Liquids  are  capable  of  assuming 
undulatory  movements,  similar  to  the  vibrations  of  solids,  differing 
from  them,  however,  in  some  respects,  in  consequence  of  the  dif- 
ferent physical  arrangement  of  their  atoms.  If  a  dcprcs-iion  be 
made  at  any  point  in  the  surface  of  a  fluid  in  a  state  of  rest,  by 
the  dropping  in  of  a  solid,  asof  a  pebble  into  water,  or  by  immem- 
ing  tod  then  withdrawing  the  solid,  a  circular  undulation  will 
bt  produced.  Around  the  point  of  depression  there  first  rises  a 
circular  elevation  above  the  level  of  the  liquid  when  in  equili- 
brium, and  immediately  beyond  thia  is  a  circular  depression,  and 
BO,  alternately,  successive  elevations  and  dcprcsRiotis.  Thus  the 
iiutial  motion  will  be  gradually  propagated  in  a  Rcries  of  progrcs- 
sivdy  widening  circle* ;  wave  follows  wave,  until  opposing  causes 


What  of  ih«  fomii  of  tli«  nodal  fiipirea  o 
What  ia  Mid  of  the  enduUtiuni  of  liquiJa  t  V 
pebble  i«  dropped  into  water  I 
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tUow  the  equilibrium  to  be  reguned.    Tbns  in  fig.  SO^  Uw 
light  circlcB  D  kod  F,  represent 
the  elevfttions,  knd  the  Fihtded 
ones,  6'  E,  G,  the  dcprcHsions  of 
these  drcular  wftves. 

4oac 

in  the  cue  of  the  Tibrations  of  / 
solids,  ui  entire  undulation  o 
sists  gf«  phase  of  depression,  and  T 
another  of  cleTation.    This  maj  ' 
be  rendered  more  intelligible  l^ 
conceiving  a.  Bericg  of  circular  cic 

vations  diviiled  at  yi  C  B,  6^.200,  

so  as  to  present  a  vertical  section.  The  phases  of  elevation  and 
depression  will  present  the  series  of  curres  ahown  by  the  line 
A  C  Jf. 

401.  Progrwwlve  rnidnlaHoae  ago 

in  liquids. — In  a  morement  of  the 
kind  just  indioUed,  the  fluid  ap- 
pears as  if  its  entire  mua  id- 
ranced  progressiyeljr  from  the 
point  of  excitation  ;  but  this  is  a 
delusion.  Floating  bodies,  as 
pieces  of  wood,  are  not  hurried 
forward  on  the  sur&cc  of  thi 
water,  but  merely  rise  and  UU 
sltcmatelf,  as  the  wares 
The  tnic  nature  of  the  motion  is  such,  that  each  particle  of  the  fluid 
describes  a  vertical  circle,  about  the  spot  where  it  may  happen  to 
be,  revolving  in  the  direction  in  which  the  wave  is  advancing.  Hm 
particle  thus  returns  to  its  former  position  in  the  same  plane,  one 
half  lieing  above,  and  the  other  half  t>olow  the  level  of  the  fluid 
Rach  [larticlc  of  fluid  thus  set  in  motion,  imparts  a  similar  move- 
ment to  its  contiguous  particle,  this  again  to  the  next,  and  so  on. 
But  as  a  certain  time  must  elapse  for  this  transmission  of  motion, 
tliedifTercntparticlcs  willbe  describing  diflerentportionsof  their 
circular  movement  at  the  same  moment.  Some  will  be  at  the 
highest  jioint  of  their  vertical  circle,  while  others  arc  in  an  intcr- 


4iNi.  What  ii  laid  of  circular  andulationif  401.  VTbat  ilelailan 
!■  thtire  in  an  undulation  of  Uie  kind  jut  meotieaed  I  What  ia  the 
true  oature  of  the  motion  t 
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me&fte  position,  and  others  at  the  lowest,  giving  rise  to  a  wave 
which  advances  a  distance  equal  to  its  whole  length,  while  each 
particle  performs  one  entire  evolution. 

For  iha  Mke  al  ifanplicity,  we  will  oonsider  only  8  of  the  many 

-partjides  whieh  we  may  eoneeive  as  oeenpying  the  horiiontal  surface 

Mtween  a  m,  fig.  861.    Imagine  that  the  particle  a  is  at  rest,  when 

a  dateending  wave  strikes  it.    It  will  be  depressed,  and  will  begin 

261 
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to  reyolve  in  a  verlieal  eirele,  its  radios  assuming  the  different  posi- 
tions  represented  in  c,  h,  c,  d^  Ac,  during  the  time  of  one  oseillation. 
Now  if  we  eonsider  eight  sueh  partieles  to  be  situated  on  the  line  a 
Ml,  and  that  eaeh  partiele  begins  its  motion  ^  of  a  revolution  later 
than  its  neighbor  next  on  the  left  hand ;  then  at  the  instant  when 
a  has  completed  one  entire  revolution,  the  seeond  will  be  one-eighth 
behind  it,  viz:  at  7  ;  the  8d,  two-eighths  behind  it,  viz:  at  6 ;  and 
the  fourth,  fifth,  sixth,  seventh,  and  eighth,  at  the  points  6,  4,  3,  2, 
and  1  respectively,  whilst  Ihe  9th  particle  is  but  just  beginning  to 
move.  Connect  the  points  a,  7,  6,  5  4,  8,  2,  1,  m,  and  the  line  will 
represent  the  form  of  the  fluid  suHace  at  that  precise  moment  of  th^ 
undulation. 

The  diameter  of  the  circle  which  each  particle  describeR,  is  the 
amplitude  or  intensity  of  Uie  wave,  e6,  its  doptli,  and  g2^  its 
height,  each  of  which  is  equal  to  the  radius  of  &  circle  which 
any  particle  describes  during  one  oscillation.  This  radius  is 
longer  or  shorter  according  to  the  amplitude  of  the  wave.  It  is 
sometimes  twenty  feet,  which  makes  a  very  high  wave,  probably 
the  largest  which  ever  occurs  on  the  ocean  in  a  violent  storm, 
unless  it  be  those  waves  which  have  increased  by  the  accumu- 
lation of  wave  upon  wave. 

402.  Stationaxy  waves*— Stationary  undulations  may  be  pro- 
duced by  exciting  waves  in  a  circular  vessel,  from  its  central 
point    The  ^-aves  being  reflecte<l  from  the  circular  wall,  will 
produce  another  series,  which,  combined  with  the  first,  will  pro- 
duce the  effect  of  a  stationary  undulation.     So  also  they  may 
be  produced  on  a  surface  of  a  liquid  confined  in  a  straig:ht  chan- 
nel by  exciting  a  succession  of  waves,  sei)arated  by  ctjual  inter- 
Explain  this  movement,  eonsitlcrin^r  eight  sucli  particloft,  fij;.  2iil. 
"What  is  said  of  the   intensity  of  tho  wave  V     What  of  its  hei^fhtl 
What  is  said  of  high  waves!    402.  How  moy  stationsry  waves  be 
produced  ? 
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vals,  moving  against  the  side  or  end  of  the  channel,  and  refleoled 
firom  it 

403.  Depth  to  which  waves  extend* — ^Waves^  or  unduktions, 
are  not  only  propagated  laterally,  but  also  in  all  other  directions. 
It  has  been  ascertained,  (by  the  Messrs.  Webber,)  thd^the  equi- 
librium of  the  liquid  is  not  disturbed  to  a  greater  depth  than 
about  three  hundred  and  fifty  times  the  altitude  of  the  wave. 

404.  Refleotioii  of  waves. — ^If  a  series  of  progressive  waves 
are  arrested  by  impinging  against  any  solid  surfiice,  they  will  be 
reflected  again  from  that  surface  under  the  same  angle  sk  which 
they  struck  it  This  reflection  of  waves  is  occasioned  by  gravity, 
and  obeys,  precisely,  the  laws  which  regulate  the  impact  of  elastic 
bodies. 

Since  this  law  applies  to  all  the  rays  which  constitute  the 
breadth  of  a  wave,  the  path  of  a  reflected  wave  may  readily  be 
determined  by  a  knowledge  of  the  surfiice  and  the  angle  of  inci- 
dence. '  If  the  wave  is  linear,  (that  is,  if  the  line  resting  upon 
the  highest  point  of  the  elevation  at  right  angles  to  the  direction 
in  which  it  is  moving,  is  a  straight  line,)  and  it  meets  a  plane 
surface,  it  will  be  reflected,  and  return  in  the  same  path.  If  it 
meet  the  surface  at  an  angle  of  20^  or  80°,  it  will  be  reflected  at 
the  same  angle,  on  the  other  side  of  the  perpendicular  to  the  ro- 
flecting  surface. 

405.  Waves  propagated  from  the  foci  of  an  ellipse. — ^If  the 
vessel  is  in  the  form  of  an  ellipse,  and  a  wave  originate  at  one  of 
the  foci,  all  the  rays  will  converge  so  as  to  fall  simultaneously, 
after  reflection,  on  the  other  focus. 

Fig.  262  represents  an  ellipse,  of  which 
F,  and  F*  are  the  foe],which  have  the  fol- 
lowing property.  If  lines  be  drawn  from 
the  foci  to  any  points,  P,  P,  P,  in  the  el- 
lipse, these  lines  will  form  equal  angles 
with  the  ellipse  at  P,  and  their  lengths 
taken  together,  will  be  equal  to  the  mijor' 
axis  A  B,  If  we  suppose  a  series  of 
circalsr  progressive  waves  ]^ropagated 
from  the  focus  JF*,  their  rays  will  strike 
successively,  and  at  equal  angles  upon 
the  elliptical   surface,  as  at  the  points  P  P  P;  they  will  be  re- 

408.  To  what  depth  do  waves  extend?  404.  What  is  said  of  the 
reflection  of  waves  ?  How  may  the  path  of  a  refleeted  wave  be 
readily  determined  f  406.  If  waves  originate  in  one  of  the  foei  of 
an  ellipse,  how  are  they  refleeted  f 


262 
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to  it,  their  path,  after  reflection,  is  the  same  as  it  would  have  t)een 
had  they  originated  from  a  point  on  the  opposite  side  of  the 
plane,  and  as  far  hack  as  the  point  of  origin  itself;  that  is,  the 
form  of  the  reflected  wave  will  he  the  reverse  of  the  incident 
wave,  for  the  rays  which  first  strike  the  surfiice  will  he  reflected 
first,  and  will  have  returned  to  the  same  distance  firom  the  sur- 
face at  the  time  when  the  last  rays  meet  it,  that  these  last  rays 
were  at  the  moment  when  the  first  were  reflected. 

Thus,  tuppoae  the  wave  gad,  proceeding  from  the  centre  c,  if.  264, 
impinges  on  the  plane  snrface,  •  /.  The  form  of  the  wave,  aft<?r  reflec- 
tion, will  be  the  same  that  it  would  hate  been  had  It  proceeded  firom  c', 
on  the  other  aide  of  ef,  (at  the  same  distance.)  It  is  evident  that  with 
a  circular  wave,  all  its  points  cannot  impinge  at  264 

the  same  time  on  a  plane,  therefore,  the  ad- 
vance portions  will  first  impinge,  and  will  first 
be  reflecled ;  and  when  a  impinges,  the  rays  at 
dand  g,  have  still  to  go  through  the  distances  ^ 
d  e  and  g  /,  before  they  can  be  reflected ;  bat^ 
in  the  space  of  time  required  for  this,  the  ray 
at  a  will  have  returned  to  the  point  k.  In  the 
same  way  it  may  be  shown  that  the  interme- 
diate rays  will  have  retnned  to  intermediate 
positions,  and  be  found  in  the  line  9  k  f,  symmetrically  situated  to  the 
line  enf,  in  which  they  woeld  have  been  had  they  not  been  reflected 
from  the  plane.  And  it  further  follows,  that  the  centre,  e',  of  the  reflected 
wave  dkfftiBuafu  firom  <  /,  as  is  the  centre,  e,  of  the  eircnlar  wave, 
€  nf,  but  on  the  opposite  side  of  the  median  plane,  §  af. 


408.  Oomhination  of  wavee. — ^Whero  two  systems  of  wavei, 
coming  from  different  centres,  meet  each  other,  several  effocts 
may  follow,  according  to  the  mode  of  meeting,  whidi  ouriomfy 
illustrate  the  principles  of  undulation  in  all  departments  of  phys- 
ics. 1st — ^If  the  elevations  of  the  two  waves  coincide,  and,  oon- 
scquently,  their  depressions  also^  then  a  new  wave  will  he  formed, 
whose  elevations  and  depressions  will  he  the  sum  6f  those  of  the 
two  originals.  2d. — If  the  two  waves  of  equal  amplitude  are  so 
superimposed  that  the  reverse  of  the  last  case  is  true,  t.  &, 
that  the  elevation  of  one  fits  the  depression  of  the  other,  then 


407.  What  is  said  of  eircnlar  waves  reflected  from  a  plane!  Illus- 
trate this  effect  bv  fig.  264.  408.  What  is  said  of  the  combination 
of  waves  in  the  three  oases  supposed  f  In  what  casee  is  this  intat- 
ference  observed  f 
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both  4T«  destroyed,  tnd  the  Gurface  is  horizontal.  Or,  Sd,  irone 
mvB  had  greater  amplitude  than  the  other,  then  the  resulting 
wave  will  have  a  height  equal  to  tlie  difference  between  the 
greater  and  the  loss. 

This  oombinatioD,  or  inltTferenee  of  waves,  is  of  universal  oc- 
cnrrcncc  in  all  media,  in  which  force  of  any  kind  is  propagated 
b;  undulations. 

409.  Intaifnence  In  an  olllpaa.— The  two  systems  of  wares 
formed  by  an  cUiptical  surfacs,  and  propagated,  one  directly 
■roond  one  of  the  foci,  and  the  other  formed  by  rcfl«!ction  »n>und 
the  other,  exhibit  not  only  the  phenomena  of  inflection,  but 
alao  oTinterference.    Thewphenomena  are  reprtsented  in  fig.  266, 

209  where  a  and  &  are  the  two  focL 

The  strongly  marked  lines 
c  tho  elevations,  the  mora 
lightly  traced  lines  ara  the 
depressions  the  points  whore 
more  strongly  marked 
1 1  circles  intcrtect  the  more 
jifaiiitl}  marked  circles,  arc 
'Ipointb  where  an  elevation  co- 
^inaUes  with  a  dcpresMon, 
arc  therefore  points  of 
interference  The  scries  of 
these  point<>  form  lines  of  in- 
terference which  are  indicated 
m  the  diagram  bj  dotted  lines,  whieh,  Bh  will  be  seen,  arrango 
themselves  regularly  in  the  form  of  parabola  and  ellipses  about 
these  foci 

410.  Undnlationsof  the  waters  of  the  globe. — The  unilulat  ions 
produced  in  the  ocean.q,  lakcsi,  rivers,  and  other  large  collections  of 
water  upon  the  surface  of  the  globe,  arc  of  extreme  importa.ne'c  in 
theeconomy  of  nature.  Did  not  water  possess,  as  a  consequence 
of  tho  mobility  of  its  pnrticles  among  each  other,  tho  property  of 
being  thus  set  in  motion,  the  ocean  would  soon  he  n-ndercd  putrid 
by  the  docomi>osition  of  Ibc  inof^  of  organized  matter  it  con. 
tains.     The  principal  physical  cause  which  produces  these  undu- 


409.  'What  ii  Mid  of  tlie  intcrferenc 
leflg.  26JS.     4in. 
of  th«  glabel    What  aro  the  pri 


rerancp  iif  wnvM  in  on  olliwci 
•Crilw  Sg.  SSJS.     4in.      WliaLixaiiJoftlieiliKllllalloiiBortYuw 


UNDULATIONS  OF  AIB.  261 

latioDB  on  a  moderate  scale,  is  the  motion  of  the  atmosphere. 
On  a  large  scale  they  are  produced  by  the  combined  effects  of  the 
attraction  of  the  sun  and  moon  upon  the  surface  of  the  ocean, 
which  causes  the  ebb  and  flow  of  tides.  The  difference  in  tem- 
perature and  density  of  the  waters  of  different  parts  of  the  ocean, 
cause  currents,  in  the  efforts  of  these  waters  to  assume  a  state 
of  equilibrium ;  and  lastly,  the  rotation  of  the  earth  upon  its  axis, 
originating  the  constant  easterly  current  A  full  discussion  of 
these  interesting  questions  belongs  to  Physical  Greography. 

UndulatwM  of  ElaMo  Fluids, 

41 1.  Undulatlona  of  air. — Undulations  are  produced  in  air  or  in 
any  elastic  fluid  by  any  disturbance  of  their  density.  These  un- 
dulations are  due  to  elasticity.  If  any  elastic  fluid  be  compressed 
and  again  suddenly  relieved  firom  compression,  it  will  expand, 
and  in  its  expansion  exceed  its  former  volume  to  a  certain  extent ; 
after  which  it  will  again  contract,  and  thus  oscillate  alternately  on 
cither  side  of  the  position  of  repose.  It  is  obvious  that  we  must 
regard  these  undulations,  or  pulses  of  air,  as  extending  equally  in 
all  directions  in  the  firee  air,  and  limited  only  by  the  walls  of  the 
containing  vessel  or  apartment  when  the  air  is  confined.  There- 
fore, the  effects  of  the  united  oscillations  extend  equally  in  the 
course  of  radii,  from  the  centre  to  every  point  of  the  sur&ce  of 
a  sphere. 

412.  UndulaUona  of  a  sphare  of  air. — ^The  oscillations  of  air 
will  not  be  confined  to  the  sphere  in  which  they  commence.  When 
air  is  first  contracted,  an  ferial  shell,  bounding  the  sphere  of  con- 
traction, expands,  and  becomes  thereby  less  dense  than  when  in 
equilibrium.  Again,  upon  the  expansion  of  the  original  sphere, 
the  bounding  shell  contracts,  and  becomes  more  dense,  in  virtue 
of  its  inertia  and  elasticity.  This  bounding  shell  of  air  thus  acts 
upon  another,  external  to  it ;  this  in  its  turn  on  another,  and  so 
on,  and  thus  the  initial  force  is  propagated  upon  concentric  por- 
tions of  air ;  its  effects  becoming  less  marked  with  each,  imtil, 
like  the  ripple  of  a  wave  of  water,  it  becomes  too  evanescent  to  be 


411.  ITow  are  undulationi  produeed  in  air  f  Do  these  andulatiom 
proofed  in  every  direction  )  412.  What  is  said  of  the  undulations 
of  a  sphere  of  air  ?  To  what  is  this  alternate  condensation  and  ex- 
pansion analogous  7  What  is  the  length  of  a  wave  in  a  sphere  of 
air? 


M>  tBHwr  or  ranoLAnon. 

MMcUid.  3UiiH«DBt0Oondonaationa&dexpuiBioti,etfMid- 
^ftibmUB^iy  around  tlw  oripnil  centre  oT  dtaturbmce,  is  pvr- 
haOy  iiMlmiHH  to  ■  HriM  of  drcuUr  waves  formed  uoond  tiw 
jWitiil  pifat '^OD  ifaa  nrftce  of  a  liquid.  TheeleratiniortlM 
H^ddtaAamn^oafn^oaffingtotlMooiidmmttoain  Um  gmi 
tf  ft  ptifiaA  Urn  daprwrioo  of  tlw  nve  eonaqranding  to  the 
■  aqMrioncf  dw  p«. 

Tbondlwof  tlw  hoUow  tfhmt,  or  the  distuce  the  nndolft- 

tkn  Iwd  teftToned  wlwn  the  flnt  partldae  NBiuned  ft  poallioa  ol 

m^kcaUodthelmgthofft'Wftve;  the  entire  ipban  eompmMd 

vM^  tlNM  lindto  oMilitatee  ft  wkto,  and  the  time  of  vihmtiaB 

lioqmlto  the tinw in'wb^ifc  iftottcm  iipropa^ted  throo^tfae 

^1         Mtin  1hi^  «f  ft  Wftm    tf  the  ceuw  wUcti  united  the  ondn- 

Mim  eaXamta  operate  there  will  ■riaeaneood,  and  tUrd 

wmn,  4a,  within  the  flnt;  and  ooneeirtrio  with  tt, 

*    .    1MlrftdUpn9M>t^«f™didati<»»lnthftftirantak«plftee 

4p   wbh  oqalraoc^  only  wben  the  atmoapbere  is  eqnallj  dowe 

and  daatiD  In  dl  directiona.    If  thisisDot  the  caae,  audift  wsn 

^11 1  lilt  hftTO  a  Bplwrical  form. 

LR<7,fig.a«ll,bellw[MiiiitiifIinpBbror  OwTibtBtioii,  Cm  ibtdia- 


«Kdled  began  Id  ic 
tpaae  which  ibe  i 
<[«Tei*Ml  brJoTF  the  panlele  m, 
baiianit«da^iiMt  rp;  Omia, 
ibrrcfon,  the  IragA  of  the  w««^ 
Th«  mmt  le  tra*  wkh  ttfaid  to 
^ibi^  poion  a,  ■  and  ^  and  &a 

ihe  ipbeie  oT  air  u  be  law- 
■ecied  bjr  a  plana,  pta^g 
ibroaih  iht  polal  of  Iptpdac,  O, 
^hta  Ott  dnHtaatf  f,  m  k, 
dbpq,  will  be  tha  ModMiaf 


418.  Vaknity  and  intMMl^  of  mriml  WBTM^The  vdooUr 
wHh  wUch  audi  nndulationa  are  prop^ated  through  the  atmoft- 
jban,  dapenda  on,  and  Taries  with  the  elaatidt^  of  the  flnU 
Wsna,  both  large  and  amall,  are  tranimitted  with  an  equal  nlo- 
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city,  so  long  as  the  elasticity  remains  the  same.  The  intensity  of 
vibration,  i,  d.,  the  dimensions  of  the  spaces  which  the  individual 
particles  traverse  while  in  this  state  of  movement,  depends  on 
the  energy  of  the  disturbing  force,  which,  it  is  also  evident,  is  a 
measure  of  the  degree  of  compression  of  the  wave. 

414^  Intaxfervnoe  of  waves  of  air. — If  two  series  of  ferial 
waves  coincide  as  to  theur  points  of  greatest  and  least  condensa- 
tion, a  new  series  of  waves  will  be  formed,  whose  greatest  con- 
densation and  rare&ction  is  determined  by  the  sum  of  these 
points,  as  prevailing  in  the  separate  undulations.  But  where  the 
series  are  so  arranged,  that  the  point  of  greatest  condensation  of 
one,  coincides  with  the  point  of  greatest  rare&ction  in  the  other, 
the  resulting  series  will  have  condensations  and  fttrefactions 
equal  to  the  difference  between  the  waves  which  meet  If  they 
are  equal,  total  interference  takes  place,  as  in  the  case  of  non- 
elastic  fluids,  and'silence  results,  if  the  waves  are  these  of  sound. 
(408.) 

Indeed  all  the  effects  described  in  the  case  of  waves  formed 
upon  the  surfitce  of  a  liquid,  as  the  reflection  and  inflexion,  a^ 
reproduced  under  analogous  conditions  in  the  case  of  undulations 
of  aeriform  bodies.  It  must,  however,  be  borne  in  mind,  thai 
these  aerial  waves  have  always  a  spherical  form. 

415.  Inteiiaity  of  waves  of  air  e«panding  freely. — The  undu- 
lations produced  in  air,  form  progressively  increasing  spheres 
(412,)  the  magnitude  of  whose  surfaces  are  to  each  other  as  the 
square  of  their  radii,  or  as  the  square  of  their  distance  firom  their 
respective  points  of  impalse.  As  the  intensity  of  the  wave  is 
diminished  in  proportion  to  the  space  over  which  it  is  diffused, 
it  follows,  that  the  effect  or  energy  of  these  waves  diminishes  as 
the  square  of  the  distances  firom  the  centre  of  propagation  increases. 
So  soon,  however,  as  the  radial  extension  of  the  wave  meets 
with  any  resistance  which  reflects  the  rays  in  a  parallel  or  con- 
centric direction,  this  rule  ceases  to  be  applicable. 

418.  What  it  laid  of  the  velocity  of  »rial  waves  f  Upon  what 
docs  the  intensity  of  Tibration  depend?  414.  What  is  said  of  the 
interference  of  waves  of  air?  416.  What  is  said  of  the  intensity 
of  »rial  waves  expanding  freely  t 
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ACOUSTICS. 
Produetian  and  Propagation  of  Sound. 

416.  Aoomtiosi — BoimcL — ^Acoustics,  (derived  from  the  Greek 
Yorbi  aJoouOy  to  hear,)  teaches  the  science  of  sounds,  their  cause, 
nature,  and  phenomena.  Sound  is  the  impression  produced  on 
the  sense  of  hearing  hy  the  yibrations  of  sonorous  bodies.  Vi- 
bratioiis  are  transmitted  to  the  ear,  by  the  surrounding  medium, 
which  is  ordinarily  the  atmospheric  air. 

417.  Bound  and  noise. — Soimd  properly  so  called,  or  musical 
flonnd,  is  that  which  produces  a  continuous  sensation,  and  of 
which  we  may  appreciate  the  musical  value ;  while  noise,  like 
the  explosion  of  a  cannon,  is  so  short  in  duration,  that  it  cantiot 
be  well  appreciated ;  or  often,  it  is  a  compound  mixture  of  many 
disoordant  sounds,  as  the  rolling  of  thunder,  'or  the  noise  of 
waves,  producing  in  their  combination  a  species  of  harmony. 

Tbe  ph]rsical  difference  between  sound  and  noise  is  not  well  ander- 
•ttXKl ;  there  are  ears  so  well  organized,  that  tliey  can  determine  the  mu- 
flical  valae  even  of  the  noise  produced  by  a  wagon  rolling  over  the  pave- 
ment In  general,  all  vibrations,  in  proportion  as  they  are  regular,  uni- 
ibnn,  and  equal,  produce  sounds  more  agreeable  and  musical 

418.  All  bodies  which  produce  sound  are  in  vffaration. — If 
the  sonorous  body  is  solid,  and  presents  a  large  surface,  as  a  bell 

jar,  the  vibrations  may  be  shown  by  sus- 
pending a  small  ivory  ball,  i,  by  a  thread 
in  the  interior  of  the  jar  A  li^  inclined  in 
the  position  seen  in  fig.  207.  When  the  jar 
resounds  with  a  blow,  the  ball  is  thrown 
from  the  sides,  as  nhown  by  the  dotted 
line,  and  returning,  is  again  thrown  off, 
and  80  continues  }>oiin(ling,  in  consequence 
of  the  vibrations,  A  touch  from  the  hand 
arrests  the  vibratory  movement  in  the  glass :  the  sound  ceases, 
and  the  ivory  ball  remains  quiet  If  the  sonoroiLS  l)ody  is  a 
plane  surface,  its  vibrations  may  be  shown  by  the  formation  of 


416.  What  is  the  object  of  ftfoustics?  417.  Whiit  is  the  differ- 
ence between  musical  sound  Aiul  noiiH' ?  WK  How  iimy  the  vibra- 
tion of  a  sonorous  solid  be  shown  ?  How  if  the-  .soiioruus  body  in  a 
plane  suriaee  \ 
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nodfti  lines,  (392,)  with  grains  of  sand  scattered  upon  it  When 
the  sound  is  produced  by  a  stretched  cord,  the  vibrations  may 
be  felt  by  touching  the  cord  lightly  with  the  hand,  or  may  be 
seen  by  placing  bands  or  rings  of  paper  upon  the  vibrating 
cord,  (885.)  In  wind  instruments,  it  is  the  air  which  they  contain, 
whose  vibrations  produce  the  musical  sounds. 

Thie  may  be  proved  by  an  organ-pipe,  or  by  a  glass  tube,  fig,  268, 
when  a  carrent  of  air  is  passed  into  it  through  the  foot,  268 

O.  A  small  membrane  of  gold  beater's  skin,  extend  ed 
on  a  circle  of  paste-board,  B,  is  placed  within  the 
tabe,  and  sustained  in  a  horizontal  position  by  means 
of  a  thread.  Grains  of  sand  strewed  npoa  the  mem  - 
brane,  will  be  arranged  in  nodal  figures,  proving  that 
the  membrane  obeys  the  vibratory  movement  of  th  e 
air  which  surrounds  iL  That  the  vibrations  are  not 
due  to  an  ascending  current  of  air,  is  proved  by,ihe 
fact,  that  the  membrane  does  not  vibrate  when  it  is 
placed  midway  of  the  length  of  the  tube,  [a  nodal 
point,]  but  above  or  below  this  point  it  vibrates,  and 
more  strongly  as  it  is  further  removed  firom  the  oentre.      i  D  :| 

410.  Bound  is  not  propagated  fy  a  vaonum. — 
The  vibrations  of  elastic  bodies  do  not  produce  an 
impression  on  the  ekr,  unless  there  exists  be-, 
twcen  this  organ  and  the  sonorous  body  an  un  •' 
interrupted  elastic  medium,  vibrating  with  it.l 
This  medium  is  ordiiuvily  the  atmospheric  air,  but  other  gases, 
also  vapors,  liquids  and  lolids,  transmit  sound. 

To  prove  that  sound  is  not  propagated  in  a  vacuum,  place  under  the 
receiver  of  an  air-pump,  a  bell,  kept  in  constant  vibration  by  a  clock- 
work movement,  fig.  268.  The  bell  apparatus  should  be  placed  upon 
wadding,  otherwise  the  vibrations  would  be  communicated  to  the  plate 
of  the  air-pump,  and  thus  to  the  sir.  While  the  receiver  is  filled  with 
sir  at  the  ordinary  pressare,  the  sound  is  distinct ;  as  the  air  is  gradually 
exhausted,  the  sound  grows  more  and  more  feeble,  until  finally,  when  a 
vacuum  is  obtained,  it  ceases  to  be  heard,  but  is  immediately  revived  by 
admitting  air  again. 


When  the  sonnd  is  produced  by  a  flexible  cord,  how  may  vibra- 
be  demonstrated  I     How  may  the  vibration  of  air  container 


tions 


f».w  .Ms,^„^^..  V.  ...  contained  in 
.       .  V     419.  Is  sound  propagated  in  a 

vacuum  ?    How  may  it  be  provea  that  an  elastic  medium  is  necessary 
to  convey  sonnd  f 

12 


420.  Sotmdli  propagated  In  all  bIwUc  bodlM,  Uqnlda  and  aoHda, 
MW^u  galea- — If,  in  the  expcriiuentJiiKtdeiiCribed,  the  vacuum 
is  supplied  with  hydrogen  gas,  (denaitj- 
O-OeOS,)  or  any  gas  of  less  density  than 
atmospheric  air,  a  sound  will  be  trans- 
mitted from  the  bell,  Tery  feeble  (or 
the  hydrogen,  and  increasing  as  the  gae 
ismore  dense.  Tn  like  manner,  a  person 
whose  lungs  have  been  filled  with  hy- 
drogen gas,  utters  only  a  ehrill  piping 

Vapon,  water,  and  olhrr  liquid*,  also, 
like  gaan,  nansniU  sonlHl*,  and  with  moch 
more  enerfrr.  When  Iwo  bodin  ire  Rnick 
Dodcr  water,  the  aoaod  ii  diitincL    A  dirrr 


D  tba  bottom  of  a  rJVET 


B,  tbrir  eraduclibilitj  oF  sound  ia  to  pral,  thai 
ir  to  one  end  of  «  bram  or  wood,  the  aliifalen  ibock, 
a  pin  Bi  the  other  rilremiiT,  may  be  heard  diilinctlf. 

on  may  be  heard  ■  disiance  of  more  than  iwo  henilred 
and  Rhy  mileB,  by  opplying  ilie  rar  lo  Af  Iblid  rarlh.  Id  arrrral  minrs 
ia  Cornwall,  Knglind,  there  art  Rnllrriea  nvhich  eilend  utidrr  Ihe  Fra, 
where  the  sound  of  the  wavei  ia  elf  ally  heard  when  the  era  ia  agitated, 
roiling  the  pebbles  nnd  bowlders  OTCt  the  tocky  boiiotii  of  the  oceiiL 

The  muaic  from  ■  compiiny  of  mnsiciana,  ploying  in  oteheilia  upon 
numeroua  inatmiDenls,  hai  been  iransrerrpd  lo  an  npartmeni  in  another 
hoDN,  by  a  cord  atretdied  across  the  inle^^'Iningal^ee',  connrcling  at  one 
end  with  a  sounding  board,  and  at  ihe  other  eilirniiiy  with  a  wooden 
box.  On  placing  the  lar  at  an  opening  in  ihe  boi,  the  whole  niusicfti 
movemem  w«a  heard,  reproduced  in  miniature,  being  transtnilled  by  the 
vibrationa  through  the  eord.  At  the  same  lime  a  hftinndei  in  Ihe  aanie 
apartment  wai  uiiconMioua  of  there  being  any  [lerformance. 

421.  Hearing  is  a  sense  dcpcitding  upon  tlic  cnr,  a  beautifully 
constructed  instrument,  designed  to  gather  in  the  vibralionK  of 
This  vibratory  morcnient  is  coniiuunicalcd 
e  by  the  aid  of  organs  which  will  be  dcscrib«.-d 
:e  of  this  cliuptiT. 


the  Nurroiiiiding  a: 
to  the  acoustic  ncr 
in  detail  at  the  clos 


4Sa  How  is  aoutid  propapale.!  in  hyilroRen  t  Wliat  ia  said  of  the 
tratianitssion  of  sound  in  water  and  other  liiiuids)  What  is  said  of 
the  Goiiduetibililv  of  sonndi  of  aoliiUt  What  rcniaikublc  faet  is 
mentioned  of  eerlnin  mines  in  Cnnin'oll  I  ilovr  linx  niiifie  Wen 
transfarred 'from  one  apartment  to  anoihcr  i  i'l].  Whnt  is  suiJ  of 
the  animal  earl 
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422.  Velocity  ifl  the  nine  for  all  sounds. — Sound  is  not  trans- 
mitted instantly.  Experience  testifies  to  the  truth  of  tliis  state- 
ment. An  appreciable  time  elapses  between  the  instant  when 
we  see  the  flash  from  a  cannon,  and  that  in  which  we  hear  the 
explosion.  The  velocity  of  sound  is  the  space  that  it  traverses 
in  A  second.  Theorj'  demonstrates,  that  the  velocity  of  the  vi- 
brations of  sonorous  bodies  in  the  same  nie<lium,  is  the  same  for 
all  sounds,  grave  or  sharp,  strong  or  feeble,  and  whatever  may  be 
their  time.  Observation  confirms  this  result,  at  least  for  those 
distances  on  which  we  have  experimented.  There  is  no  confusion 
in  the  effects  of  m  usic,  at  whatever  distance  it  may  be  heard. 

If  the  different  notes  simaltsncoosly  produced  by  the  varioas  iostm- 
ments  of  an  orchestra,  moved  with  different  velocities,  they  would  be 
heard  by  a  distant  auditor  at  different  moments,  so  tbst  a  musicsl  per- 
fomiance,  eicept  to  those  in  its  immediate  vicinity,  would  prodace  only 
discords.  M.  Biot,  in  plsying  an  air  upon  a  flute  st  the  extremity  of  a 
pipe  of  the  aqueduct  of  Paris,  found  that  the  sounds  csme  to  the  other 
end,  having  exactly  the  same  interval,  demonstrating  that  the  diftrent 
sounds  traveled  with  the  same  velocity. 

423.  Velocity  of  sound  in  air. — Numerous  experiments  have 
)>een  made  for  estimating  the  velocity  of  sound ;  that  is,  the 
space  that  it  travels  over  in  a  8econ<l  The  most  extensive 
and  accurate  system  of  exiieriments  were  those  made  in  1822,  by 
the  Hoard  of  Longitude  of  France,  conducted  by  ^lessrs.  Prony, 
Arago,  Humboldt,  (iay  Lussac,  and  others. 

Two  pieces  of  cannon  were  used,  one  plsced  st  Montlhcry,  the  other 
St  Montmsrtre,  between  which  the  distnnce  is  18*012  m.,  (=  61,418*6 
feet,)  or  more  than  ten  miles.  The  dis^-hnrges  were  reciprocal,  so  as  to 
avoid  the  influence  of  the  wind.  At  csch  ptstion  were  numerous  ob- 
servers, furnished  with  chronomeiers,  who  noticed  the  time  between  the 
sppesrance  of  the  light,  and  the  srrivsl  of  the  sound.  This  time  msy 
be  cnlled*  thst  which  the  sound  requires  to  psss  from  one  ststion  to 
another,  for  the  time  ooeupied  by  the  pasrage  of  the  light  between  the 
two  points  M  wholly  inspprecisble  The  mean  time  required  to  transmit 
the  8ound  was  5*i  6  seconds.     Hy  dividing  the  distance  between  the  two 


422.  AVhat  shows  that  tiino  is  recpiireil  to  trsnimut  sound  t  What 
is  tlio  Velocity  of  sound  7  Are  all  Aoun<U  transmitted  with  the  same 
velocity  ?  yDiai  facts  prove  that  diflfcront  Rounds  move  with  the 
same  rapidity  t  Wliiit  wai«  Biot's  experiment?  42:{.  Mention  the 
experinientnofthe  French  Hoard  of  Lonintudcor.  the  velocity  of  sonno 
in  air  ?  What  is  the  velocity  of  S4>und  in  air  f  What  effect  has  tem- 
iHirature  ou  the  velocity  of  somid  f     What   is  the  effect  of  wind  t 
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■tatioDf  by  this  oumber,  the  Telocity,  per  second,  is  obtained.  TIm  Telo- 
city of  sound  at  61^  F.,  (16°  C.,)  that  being  the  temperature  of  the  at- 
moephere  daring  the  experiment,  is  1,118*3  feet,  (340*88  m.,)for  18'€19 
•-|.54-6=U18-3+.) 

It  has  been  determined,  1. — ^That  the  Telocity  of  sound  de- 
creases with  the  temperature;  at  SO**  F.,  (10°  G,)  it  is  1100*66 
feet^  (887  m.)  So  that  as  the  temperature  is  lowered,  soimd  di- 
minishes in  velocity  about  one  foot  for  every  degree.  2. — That 
at  the  same  temperature  the  velocity  remains  the  same,  whether 
the  sky  is  bright  or  cloudy,  the  air  dear  or  foggy,  the  baro- 
metric pressure  great  or  small,  provided  the  air  is  tranquiL  8. — 
That  its  velocity  varies  with  the  velocity  and  direction  of  the  wind. 

424.  Newton's  formula^ — Sir  Isaac  Newton  determined  the  ve- 
locity of  sound  in  air,  theoretically,  basing  his  formula  upon  the 
elasticity  and  temperature  of  the  air.  His  results  were  found  to 
be  one-sixth  less  than  those  givm  by  experiment  La  Place 
showed,  that  the  error  resulted  from  the  effect  of  the  heat  de- 
veloped and  absorbed,  by  the  alternate  compression  and  rar«fiu> 
tion  of  the  air,  in  the  sonorous  undulations,  and  which  Newton 
had  neglected  in  his  calculations.  Introducing  these  changes 
of  temperature  into  the  calculation,  Newton's  formula  gives  ex- 
actly the  same  results  as  were  obtained  by  experiment 

425.  Velocity  of  sound  in  different  gases. — ^Thc  velocity  of 
sound  in  the  different  gases,  is  in  the  inverse  ratio  of  the  square 
root  of  their  densities. 

Dalong  has  determined  by  calculation  the  velocity  of  aoand  ia  the 
following  gases,  at  the  temperature  of  32**  F.  Oarbonic  add  380*58 
feet,  (116  m.,)  oxygen,  1,040  feet,  (317  m.,)  olefiant  gaa.  l/)303  feet, 
(314  m.,)  air,  1.092-54  feet,  (333  m.,)  carbonic  oxyd,  1,105*6  feet,  (337  m.,) 
and  hydrogen,  4,163  feet,  (1,269  m.,)  each  in  a  second. 

426.  Calculation  of  distances  by  sound* — ^The  known  velodty 
of  sound  per  second,  (1118  feet,)  enables  us  to  obtain  a  dose  ap- 
proximation of  the  distance  of  the  sonorous  body.  This  follows 
as  a  consequence  of  the  very  experiments  (428)  'by  which  the 
velocity  of  sound  was  determined.  From  the  known  laws  of 
falling  bodies,  (158  et  seq.,)  we  may  also,  with  the  aid  of  the 
known  velocity  of  soimd,  obtain  an  approximate  estimate  of  the 
height  of  a  precipice,  or  the  depth  of  an  abyss,  from  the  time 

424.  What  is  said  of  Newton's  formula  for  the  velocity  of  soand  t 
426.  What  ia  said  of  the  velocity  of  sound  in  gases  t  Mention  some 
of  the  results  of  Dulong^s  calculations  on  thin  subject  426.  How 
may  the  distance  of  a  sound  often  be  determined  V 
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occupied  by  the  sound  of  any  projectile,  let  fidl  firom  the  hand,  in 
reaching  the  ear. 

427.  Velocity  of  sounds  in  liquids.^ — ^The  Telocity  of  sounds 
in  liquids  is  much  greater  than  in  air.   In  1827,  Messrs.  Gulloden 
and  Sturm,  experimenting  upon  th^  yelocity  of  sound  in  the 
Lake  of  Genera,  found  it  to  be  4,708  ieet  (1,436  dl)  per  second, 
or  about  four  and  a  half  times  greater  than  in  air. 

Agitation  of  the  water,  Uqoids,  Ac,  did  not  afieet  either  the  rapidity 
or  iDtemity  of  the  soand.  Bat  the  ioterporition  of  solid  bodies,  soch  as 
walls,  or  buildings,  between  the  sounding  body  and  the  observer,  almost 
destroyed  the  transmission  of  sonnd  in  water ;  an  effect  which  does  not 
take  place  nearly  to  the  same  degree  in  air.  (480.) 

428.  Valodty  of  souads  in  sdUda* — Sound  is  transmitted  by 
solid  bodies  with  much  greater  rapidity  than  in  air,  but  by  no 
means  with  equal  yelocity,  varying  much  with  the  elasticity 
and  density  of  the  different  solids. 

The  most  exact  experiments  have  been  made  by  M.  Blot,  (429,)  with 
a  series  of  water  pipes  in  Paris,  which  had  a  length  of  3,120  feet»  (951  m.) 
A  bell  was  hong  at  the  centre  of  a  ring  of  iron,  &stened  to  the  month 
of  the  tube,  so  that  the  vibcations  of  the  ring  wonld  sfiect  only  the 
metal  of  the  tube,  and  the  vibrations  of  the*  bell  only  the  inclnded 
air.  When  the  ring  and  bell  were  stmck  simaltaneonsly,  an  observer, 
placed  St  the  other  end,  heard  two  sounds ;  the  first  transmitted  by  the 
metal,  the  second  by  the  sir.  By  noticing  the  interval  of  time  between 
the  arrival  of  the  two  sounds,  it  was  ascertained  that  the  velocity  of 
propagation  of  sound  in  cast  iron  is  aboat  10*5  times  that  observed  in 
air;  that  is,  11,609  feet,  (3,538*5  m.)  Similar  experiments  were 
made  by  Hassenfratz  on  the  velocity  of  soond  in  stone,  on  the  walk  of 
the  galleries  of  the  catacombs  which  onderlie  Paris^  by  observing  the 
interval  of  time  between  the  arrival  ef  a  soond  transmitted  by  the  stonea 
and  of  that  transmitted  by  the  sir  of  the  gallery. 

The  yelocity  of  the  propagation  of  sound  has  been  determined 
theoretically  by  Savart,  Ghladni,  Masson  and  Wertheim,  from  the 
number  of  longitudinal  and  transverse  vibrations  of  the  bodies, 
or  on  their  co-efBcient  of  elasticity.  Ghladni  fotmd,  by  the  aid 
of  longitudinal  vibrations,  that  in  wood,  the  velocity  of  sound  is 
from  ten  to  sixteen  times  greater  than  in  air.    In  metals,  the  ye- 

427.  What  is  said  of  the  velocity  of  sounds  in  liquids?  What 
eflect  have  Interposed  solid  bodies  7  428.  What  is  said  of  the  ve- 
locity of  soond  in  solids  ?  Mention  Biot's  experiment  on  the  velocity 
of  sound  in  metals  and  in  air.  What  is  toe  velocity  of  soond  in 
wood  r    What  in  metals  f 
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locity  is  more  yariable,  being  from  four  to  sixteen  times  as  great 
as  in  air. 

429.  iDterfoence  of  sound. — ^When  two  series  of  sonorous 
undulations  encounter  each  other  in  opposite  phases  of  yibration, 
the  phenomena  of  interference  are  produced.  The  undulations 
will  become  mutually  checked,  and  if  the  two  sounds  are  of  equal 
intensity,  instead  of  producing  a  louder  sound,  as  might  be  ex- 
pected, they  will  altogether  destroy  each  other  and  produce 
silence.  U^  however,  one  of  the  sounds  ceases,  the  other  is  itn- 
mediatoly  heard. 

If  two  soanding  bodies  were  placed  in  the  foci  of  an  elltpie,  no  soand 
would  be  heard,  if  a  a  ear  waa  placed  on  any  of  the  lines  of  interferenoe 
indicated  by  the  dotted  lines,  (6g.  S75,  §  409,)  but  if  one  sound  waa 
stilled,  the  other  would  be  heard,  or  if  the  ear  waa  placed  between  the 
lines  of  interference,  then  both  aonnda  would  be  heard  ainraltaneonaly, 
and  would  be  louder  than  either  alone. 

The  interference  of  sounds  may  be  shown  by  means  of  a  ooiih- 
mon  tuning  fork. 

When  in  vibration,  its  branches  recede  from,  and  approach  each  other, 
270  aa  ahown  by  the  dotted  lines  in  fig.  270.     If  the  in- 

Btruineni,  when  Tibrating,  is  placed  about  a  foot  from 
the  ear,  with  the  branches  equi-distant,  both  sounds 
will  be  heard  ;  for  the  waves  of  sound  combine  their 
efTects ;  but  as  it  is  slowly  turned  around,  the  sound 
will  grow  more  and  more  feeble,  until  at  length  a  po- 
sition  will  be  found  in  which  it  will  be  inaudible. 
For,  as  the  tuning  fork  is  turned,  the  waves  of  sound 
interfere,  and  produce  partial  or  total  silent.  7%l« 
iniay  also  be  illustrated  by  attaching  a  tuning-fork, 
'lengthwise,  to  any  rotating  support.  When  the  fork 
lis  vibrating,  no  sound  will  be  heard  so  long  as  it  con- 
tinues to  rotate. 

■i*M).  Acoustic  shadow. — Persons  cut  off  from 
observation  by  a  wall,  or  other  obstacle,  still 
hear  sounils  distinctly,  althouj^h  with  a  dimiiuslie<l  volume.  Thus 
a  ban<i  of  niiisir  in  un  adjatcnt  house,  or  ncipblmring  street,  is 
readily  followed  in  the  softi^t  niel<Mly.  Interveninj;  olwUcles, 
therefore,  however  opiiquc  to  light,  do  not  cast  iwrfect  sliadows  to 


429.  When  is  iiitcrforonco  of  .-Mmnd  pioiIikmmI?  What  is  the  effect 
when  two  souudin};  bwliea  arc  i»luve4l  in  tho  fooi  of  an^  flli|».«»*'  ?  How 
may  the  interference  of  sound  bo  shown  by  a  tuuing-fork  f  480. 
What  is  siud  of  acoustic  shadows  f 
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sound.  The  sound  is  not  entirelj  cut  ofi^  because  the  obstacle  is 
elastic,  and  propagates  the  vibrations  it  receives  in  a  manner 
analogous  to  light  passing  through  a  transparent  medium. 

To  a  distant  obtenrer,  the  roar  of  a  railway  train  if  instantly  hashed 
on  entering  a  tonnel,  and  as  anddenly  renewed  on  its  emergence. 

Acoustic  shadows  are  much  more  distinctly  recognized  when 
large  masses,  as  edifices  or  rocks,  intervene ;  so  large  as  not  to 
enter  into  vibration. 

Although  there  is  not  complete  silence  in  the  acoustic  shadow, 
still  it  is  analogous  to  the  shadow  of  light,  for  there  is  never  com- 
plete obscurity  in  the  latter  case,  even  when  we  take  the  utmost 
precaution ;  still  the  light  spreads  behind  the  obstacles  which 
arrest  it 

431.  Refraction  of  sound  by  mixed  media. — ^The  passage 
of  sound  is  uniform  and  undisturbed,  only  when  it  passes  through 
a  perfectly  homogeneou.4  medium ;  when  it  passes  through  sub- 
stances having  different  degrees  of  elasticity,  the  rays  undergo 
a  change  of  direction,  (rcfWu^ion  takes  place,)  sonorous  waves 
of  various  intensities  are  produced,  which,  partly  by  reflection^ 
and  partly  by  interference,  become  broken  up  into  myriads  of  se- 
condary vibrations. 

A  glass  filled  with  carbonic  acid  gas,  when  struck,  instead  of  giring 
the  full  tone  proper  to  it,  merely  produces  an  irregular  flat  sound ;  the 
striking  of  a  clock  is  leas  loud  when  covered  by  a  glass  shade ;  blows 
struck  in  a  diving-bell  immersed  in  water,  are  distinctly  heard  on  the 
surface,  but  a  sound  immediately  above  the  water  will  not  be  audible  to 
persons  within  the  beU.  In  all  of  these  cases,  the  rays  of  sound  undergo 
a  change  of  direction,  as  do  those  of  light  and  heat,  in  passing  from  one 
medium  to  another. 

432.  Diatanoe  to  which  ioimd  may  be  propagated. — ^The  dis- 
tance at  which  sounds  are  audible,  does  not  admit  of  precise 
measurement  In  general,  it  may  be  stated,  tliat  a  sound  will  be 
heard  further,  the  greater  its  original  intensity,  and  the  denser 
the  medium  in  which  it  is  propagated.  It  also  depends,  greatly, 
on  the  delicacy  of  hearing  of  different  individuals.  The  inten- 
sity of  sound,  like  that  of  all  forces  acting  in  lines,  diminishes 
in  the  inverse  ratio  of  the  squares  of  the  distance  of  the  sounding 
iKKly.     Thus,  if  the  linear  dimensions  of  a  theatre  bo  doubled, 

Whv  is  not  sound  completely  ent  off  by  an   interving  obstacle  t 

481.  Virhat  is  said  of  the  refraction  of  sound   by  mixed  media  T 

482.  What  is  said  of  the  distance  to  which  sounds  may  b«  ^T<^^«4gi^A&\ 
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the  Tolume  of  the  performers^  voices  at  any  part  of  the  circum- 
ference will  be  diminished  in  a  four-fold  proportion. 

A  poweiibl  hnmao  Toice  in  the  open  air,  at  the  ordinary  temperature, 
jtandible  at  the  dietanoe  of  aeven  hundred  feet.  In  a  froety  air*  andia- 
tnrbed  by  winda  or  cnrrent,  aonnd  it  heard  at  a  mneh  greater  diitance 
with  nirpriaing  diaiinctnees.  Lient  ForMer,  in  the  third  polar  expeditioa 
of  Capt  Parry,  held  a  conTerMtion  with  a  man  aeroaa  the  harbor  of  Port 
Bowen,  a  diatance  of  one  and  a  quarter  milea.  Dr.  Young  atatea  on 
the  authority  of  Derham,  that  the  watch- word  "  alTa  well"  hat  been  dia- 
tfaieily  heard  from  Old  to  New  Gibraltar,  a  diatance  of  ten  milea  The 
marching  of  a  company  of  aoldieia  may  be  heard,  on  a  atill  night,  at 
from  fi?e  hundred  and  eighty,  to  eight  hundred  and  thirty  paoca ;  a  aqnad- 
ron  of  cavalry  at  foot  pace,  at  aeren  hundred  and  fifty  paoca ;  trotting, 
or  galloping,  one  thouaand  and  eighty  pacea  diatant  When  the  air  ia 
eafan  and  dry,  the  report  of  a  musket  is  audible  at  one  thouaand  paoea. 
The  aound  of  the  cannonadiog  at  Waterioo,  was  heard  at  Dover. 

Soanda  travel  further  and  more  loadly  on  the  earth'a  iurfroe  than 
through  the  atmoepherp.  Thua  it  la  aaid,  that  at  the  aiege  of  Antwerp 
in  1832,  the  cannonading  was  heard  in  the  mlnea  of  Saxony,  which  are 
about  three  hundred  and  twenty  milea  distant ;  the  cannonading  at  the 
battle  of  Jena  was  heard  feebly  in  the  open  fields  at  Jena,  bat  in  the 
casemates  of  the  fortifications  it  was  heard  with  great  diatinctnesa  The 
noiae  of  a  sea  fight  between  the  English  and  the  Dutch  in  1672,  waa 
heard  at  Shrewsbury,  a  diatance  of  two  hundred  miles.  The  greateat 
known  distance  to  which  sound  haa  been  carried  by  the  atmoaphere,  ia 
three  hundred  and  forty-five  miles ;  as  it  is  asserted,  that  the  very  vio- 
lent explosions  of  the  volcano  at  St.  Vincent's  have  been  heard  at  Dem- 
arara. 

433.  Reflection  of  sound. — When  the  waves  of  air  on  which 
sound  is  being  borne  impinge,  in  the  course  of  their  expansion,  on 
a  solid  surface,  they  will  be  reflected  from  it,  agreeably  to  the 
laws  regulating  the  impact  of  solid  bodies.  (127.)  Their  return 
is  made  with  equal  velocity,  and  under  an  equal  but  opposite 
angle  to  that  under  which  they  advanced. 

434.  Bcho.^ — An  echo  is  the  repetition  of  a  sound  reflected  by 
a  suflBciently  distant  object,  so  that  the  reflected  is  not  con- 
founded with  the  direct  sound. 


Upon  what  does  it  depend?  How  does  the  intensity  of  sound 
diminish  t  How  far  is  a  human  voice  audible  ?  What  is  said  of 
a  conversation  held  across  the  harbor  of  Port  Bowen?  How  Ur 
may  the  marching  of  different  troops  be  heard  f  Mention  some  great 
distances  at  which  battles  and  sieges  have  been  heard.  What  is 
the  greatest  distance  eound  is  known  to  have  been  carried  f  48.S. 
What  is  said  of  the  reflection  of  sound?    434.  What  is  an  echo! 
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A  good  ear  cannot  distinguish  one  sound  from  another,  unless 
there  is  an  interral  of  one-ninth  of  a  second  between  the  arrival 
of  the  two  sounds.  Sounds  must,  therefore,  succeed  each  other 
at  an  interval  of  one-ninth  of  a  second,  in  order  to  be  heard  dis- 
tinctly. Now  the  velocity  of  sound  being  eleven  hundred  and 
twenty  feet  a  second,  in  one-ninth  of  a  second  the  sound  would 
travel  one  hundred  and  twenty-four  feet  To  have  a  perfect  echo, 
therefore,  the  reflecting  surface  must  be  at  least  sixty-two  feet 
from  the  sounding  body.  (02  X  2  =  124.)  If  we  speak  a  sen- 
tence at  the  distance  of  sixty-two  feet  from  the  reflecting  surfiuM, 
we  shall  hear  the  echo  of  the  last  syllable  only.  If  twice,  thrice, 
or  four  times  the  distance,  two,  three,  or  four  of  the  syllables 
will  be  echoed,  the  direct  sounds,  and  reflected  sound  of  the  other 
syllables  of  the  sentence  being  confounded  with  each  other.  If 
the  reflecting  surfifice  is  at  a  less  distance  from  the  sounding 
body  tlian  sixty-two  feet,  the  direct  sound,  and  the  reflected  sound 
become  confused,  so  that  words  and  tones  cannot  be  heard  diSr 
tinctly.  The  original  sound  will  then  be  prolonged  and  strength- 
ened, an  effect  which  we  express  in  saying  there  is  resonance. 
If  the  distance  is  comparatively  small,  as  in  a  common  sized 
room,  the  sounds  reflected  from  the  walls,  the  ceiling  and  the  floor, 
reach  the  car  at  almost  exactly  the  same  time  as  the  direct  sound, 
and  the  apparent  power  of  the  voice  is  strengthened,  besides 
preserving  its  delicacy.  Where,  however,  the  apartment  is  larger, 
the  direct  sound  only  partially  coincides  with  the  reflected  sound, 
and  more  or  less  confusion  arises.  Voices  are  heard  in  a  re- 
markably sonorous  manner,  in  large  apartments  with  hard  walls, 
while  draperies,  hangings,  carpets,  Ac,  about  a  room,  smother 
the  sound,  because  these  are  bad  reflectors.  A  crowded  audi- 
ence has  a  similar  effect,  and  increases  the  difficulty  of  speaking; 
by  presenting  sur&ces  un&vorable  to  reflection. 

435.  Repeated  echoes. — Repeated  echoes,  or  multiplied  echoes, 
arc  those  which  repeat  the  same  sound  many  times.  This  hap- 
pens when  two  obstacles  are  placed  opposite  to  one  another,  as 
[)arallcl  walls,  for  example,  which  reflect  the  sound  successively. 


What  intorval  mast  there  be  between  soands  in  order  to  distin- 
^uIhIi  thorn 
from  the  aoui 

the  viUci  if  the  diBtance  is  two,  three,  or  four  times  sixty- 
What  if  it  in  lesti)  What  is  the  effect  if  the  distance  is  siiiull,  as  in 
a  room  ?  What  effect  have  haogings,  carpets,  dec,  iu  roouis,  upon 
voic«if 

12* 


niorvai  must  mere  oe  oeiween  sonnns  m  order  to  distin- 
ivn  i  What  must  be  the  distance  of  the  reflecting  surface 
sounding  body  in  order  to  fonn  a  perfect  echo  ?  What  is 
if  the  distance  is  two,  three,  or  four  times  sixty-two  feet! 
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At  AdemAoh,  in  Bohemia,  there  is  an  echo  which  repeats  seTen 
syllablee  three  times ;  at  Woodstock,  in  England,  tiiere  is  one  which 
repeats  a  sound  seventeen  times  during  the  day,  and  twenty  timer 
daring  the  night  An  echo  in  the  Villa  Smionetta,  near  Milan,  ia 
said  to  repeat  a  sharp  sowid  thirty  times  audibly.  The  most  cele- 
brated echo  among  U»e  aneients,  was  that  of  the  Metelli  at  Rome, 
which,  according  to  tradition,  was  capable  of  repeating  the  first  line 
of  the  ^neid,  containing  fifteen  syllables,  eight  times  distinctly. 
Dr.  Birch  describes  an  echo  in  Roseneath,  Argylshire,  which  it  ia 
said  does  not  now  exist  When  eight  or  ten  notes  were  played  apon 
a  trumpet,  they  were  returned  by  this  echo  upon  a  key  a  third  lower 
than  the  origins!  notes,  and  shortly  after  upon  a  key  still  lower.  Dr. 
Page  describes  an  echo  in  Fairfiuc  County,  Virginia,  which  possesses  a 
rimilar  curious  property.  This  echo  gives  three  distinct  reflections, 
the  second  echo  much  the  most  distinct  Twenty  notes  played  upon  a 
^ote,  are  returned  with  perfect  clearness.  But  the  most  singular 
property  of  this  echo  is,  that  some  notes  in  the  scale  are  not  returned 
in  Uieir  places,  but  are  supplied  with  notes  which  are  either  thirds, 
fifths,  or  octaves. 

There  is  a  surprising  echo  between  two  barns  at  Belvidere,  Alle- 
ghany County,  N.  Y.  The  echo  repeats  eleven  times,  a  word  of 
either  one,  two,  or  three  syllsbles ;  it  has  been  heard  to  repeat 
thirteen  times.  By  placing  oneself  in  the  centre,  between  the  two 
barns,  there  will  be  a  double  echo,  one  in  the  direction  of  each  barn, 
and  a  mouosyllable  will  be  repeated  twenty-two  times. 

A  striking  and  beautiful  effect  of  echo  is  produced  in  certain 
localities  by  the  Swiss  Mountaineers,  who  contrive  to  sing  their 
Bum  de$  Vaches  in  such  time,  that  the  refiectod  notes  form  an 
agreeable  accompaniment  to  the  air  iU»el£ 

430.  Whispering  galleries. — Whispering  galleries  are  so  called, 
because  a  low  whisper,  uttered  in  one  point  in  them,  may  be 
heard  distinctly  at  another  and  distant  point,  while  it  is  inaudible 
in  other  positions.  Such  galleries  are  always  domed,  or  of  ellip- 
soidal shape  ;  the  best  form  is  that  of  the  ellipsoid  of  revolution. 
In  such  a  chamber,  a  person  whispering  in  one  focus,  is  very  au- 
dible to  a  person  at  the  other  focus,  because  the  undulations, 
striking  upon  the  walls,  are  reflected  to  the  point  where  the 
hearer  is  placed,  while  in  any  other  position,  a  feeble  sound,  or 


486.  What  are  repeated  echoes!  When  doe«  this  happen  f  Men- 
tion some  remarkable  multiplied  echoes.  Mention  the  ecno  described 
by  Dr.  Page  in  Virginia.  The  one  in  Belvidere,  N.  Y.  436.  What 
are  whispering  galleries?    Whst  is  their  fonuf 
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none  at  all,  will  be  heard,  because  only#  part  of  the  reflected 
sound  will  reach  the  ear  at  one  time.   (See  fig.  265.) 

One  of  the  halls  of  the  museum  of  Antiquitiee,  of  the  Louvre,  at 
Paris,  fomishes  an  example  of  such  an  apartment  In  the  dome  of 
the  Rotunda  of  the  Capitol  at  Washington,  is  a  fine  whispering  gal- 
lery. The  principal  room  of  the  Merchants  Exchange,  in  New  York, 
is  of  a  similar  character,  and  at  the  same  time  affords  a  painftil  ex- 
ample of  confused  echoes.  The  new  Halls  of  Congress,  at  Washing- 
ton, have  been  designed  with  special  reference  to  the  best  form  for 
public  speaking,  and  to  this  end  an  elaborate  series  of  experiments 
and  observations,  upon  the  best  proportions  and  forms  of  public 
halls,  have  been  undertaken  by  Profs.  Henry  and  Bache,  by  order  of 
the  Government,  the  results  of  which  are  recorded  by  the  former, 
in  the  Proceedings  of  the  American  Association  for  1866,  p.  119. 

487.  Speakiiig  tnbaa^ — In  order  to  save  the  necessity  of  run- 
ning from  room  to  room  with  messages,  speaking  tubes  are  used 
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in  large  establishments,  as  hotels,  and  manufkctories.  Words  ut- 
tered at  one  end  of  the  tube,  are  audible  at  the  other,  although 
it  be  at  a  considerable  distance.  For  the  divergent  ra3rs  of  sound 
entering  one  end  of  the  tube,  instead  of  being  scattered  through  the 
surrounding  atmosphere,  are  confined  within  the  tube,  whose 
inner  surfiu»  causes  waves  of  sound  to  be  reflected.  So  that,  at 
length  they  issue  simultaneously  fi^m  the  opening  of  the  tube 
within,  as  indicated  in  fig.  271. 

488.  Speaking  trumpets— The  speaking  trumpet,  fig.  278,  is 
designed  to  transmit  the  voice  to  great  distances.     It  is  a  tube, 
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commonly  funnel-shaped,  but  better  of  a  parabolic  form.     A  lon- 
gitudinal section  of  the  latter  instrument  is  represented  in  fig. 


Mention  instances  of  whispering  galleries t    487.  What  is  the  use 
of  speaking  tubes  7    How  is  the  effect  produced t     V&%.  "^^aI^  ^^^q^ 
pose  ii  a  speaking  trumpet  designed  to  ^t^>xq%> 
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278.     The  nyn  of  sound,  which  diverge  from  the  mouth  of  the 
speaker  at  the  focus  F,  arc  reflected  parallel  to  the  axis  of  the 

273  instrument.       The 

'  trumpet  being  di- 
rected upon  a  per- 
son at  a  distance,  a 
collection  of  parallel 
rays  of  sound  reach 
his  ear,  in  much 
greater  number  than  the  diverging  rays  would  from  the  mouth 
of  the  speaker  alone ;  so  that  sounds  of  audible  hitensitj  are  con- 
veyed to  the  hearer,  which  he  could  not  perceive  from  the  unas- 
sisted organs  of  speech.  It  lias  been  proved  by  experiment,  that 
the  efficiency  of  this  instrument  increases  with  its  length.  A 
strong  man^s  voice,  sent  through  a  trumpet  from  eighteen  to 
twenty-four  feet  in  length,  may  be  heard  at  a  distance  of  three 
miles.  Similar  in  form  to  the  speaking  trumpet,  is  the  bug^e 
horn  and  common  trumpet 

439.  Hearing  trumpet — The  hearing  trumpet,  ffg.  274,  in- 
tended to  assist  pci'sons  hard  of  hearing,  is  in  form  and  applica- 

274  tion  the  reverse  of  the  sj leaking  trumpet,  though 

in  principle  the  same.  The  nearly  parallel  rays 
of  sound  enter  the  hearing  trumpet  at  the  large 
o])enin*r,  while  the  small  extremity  is  introduced 
into  the  ear.  The  form  of  the  interior  surface  is 
such,  that  after  one  or  more  reflections,  all  the 
ravs  of  sound  that  enter  the  instrument  are  unittnl 
at  the  smaller  end,  so  that  the  intensity  of  the 
sound  whioli  reaches  the  ear  is  increased  many  fold  in  couse> 
qucnce  of  it.  llol(lin*r  the  hand  concave  behind  the  ear,  as  deaf 
persons  are  seen  to  do,  concentrates  sound  in  the  manner  of  aii 
ear  trumpet.  The  form  of  the  external  ear  favors  the  collection 
of  sound  in  all  animals. 

440.  The  siren. — Tliis  in<;enious  instrument  wjis  invented  by 
M.  Caigniard  de  la  Tour,  for  the  purtK>se  of  ascertaining  the  number 
of  vibrsitions  of  a  sonorous  hoily,  corre.s])onding  to  any  proposed 
musical  sound. 


What  \»  it8  8li:ipti  ?  Ildw  \»  tlio  viXvL'i  ]>ro(hiC(Ml  i  lUiw  is  its  effi- 
ciency iiKToa?o<n  At  what  lli^*lllll<M'  iiiiiy  «»ouii<l  In-  in-dptiL'ati  d  \ty 
iiieans  of  it?  4:;\».  What  in  tlio  hiuriiiu^  tniiii)>i:  i  of  wliut  form 
is  it  coDBtructed  i    4-10.  Fur  what  id  the  siren  <loKign<Hl  i 


Fig.  S7B  abowi  the  mkd  mounted  on  •  vlnd  cheat,  E.  daiigned 
lupply  K  curreot  of  >ir.    Pig'i.  27S,  277,  show  the  interior  detMl* 

870  ill 
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of  the  apiinralu*.  Tlie  iiren  i*  conslrnctcd  eiitirelj  of  bran.  It 
coiitlsts  ur  ft  tiilie,  O,  Bbaut  four  incliM  in  diameter,  terminating  io 
a  iinnotli  circular  plate,  B,  fig.  9TT,  which  eonlaina,  at  regular  iuter- 
valu  niinr  ita  circiirnrcTence,  Mnall  holce.  which  are  piereed  tbroagii 
lh(-  jilate  in  an  ubliijue  direction.  Another  plate,  .J,  turning  Terj 
eofily  up<i[i  ita  axia,  ia  placed  a*  near  aa  iwuiUo  to  B,  without  being 
in  ctiiitaet  with  ik  Tliia  plate  ia  |>iereed  with  the  fame  number  of 
oMiijue  orifice*  m  thoaa  in  the  pkta  B,  but  inoliood  in  an  oppoaita 
Jirt!ctioii,  aa  ahown  in  fig.  376,  n,  A  ;  m,  S. 

WhoD  a  currant  of  air  arrivea  from  the  bellowa,  It  paaaea  Ihroogh 
thv  bote*  i>f  the  flnt  plate,  and  imparts  a  roUry  moTemgnt  to  the 
Hwiitid  |>lat«,  in  the  direction  n.  A,  Hg.  •i'ld.  Aa  the  upper  piste  re- 
volvua,  the  currant  of  air  ia  utlernntcly  cut  off,  and  nnewed  rapidly 
by  I  ha  conttantly  ehang^ng  poaitinn  of  the  holea.  Id  eonacqtianee  of 
thin  iiilerru|itIo(i,  when  the  plale  S.  mom  with  a  uDifortn  relosity, 
a  imriea  uf  patT*  of  wind  will  eacape  at  equal  interrala  of  time. 
TtiBMi  ]>nini  will  produce  umliilatiDni  in  the  air  aurronnding  the  In- 
■tminent,  and  when  the  wheel  tcvoItus  with  ilifliGient  rapidity,  a 
muKJcnl  Miuiid  la  )iro>]uced,  which  increow*  in  iniensity  aa  the  velo- 
rity  of  the  wheel  becoine*  grcntcr. 


MIowal     Wh 


a«  it  invcnl<-il)     ItcMribe  the 
tia  Iheubject  of  the  counter  t 
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A  eoiiBt«r,  (IFke  thkt  on  •  git  meter,)  ii  councetad  with  tha  upper 
jiate,  bjr  vhieh  the  nomber  of  r«TolutioDi  ii  indicmted  PraaDra  upon 
Uia  bnttoiw,  C  A  fig'  S77,CBDK«tbe  toolhed  viiccli  ■,  t,  to  be  act 
in  Aommimieatioii  witli  the  eudlea*  actcw  npoa  tba  qwidla,  T,  Tha 
iWTolstion  of  UieM  wheel*  {oveni  thematianof  Ibebandavpon  tba 
diak,  in  fig.  STG.  To  deteiiBlne  the  nmnbar  of  Tibratiou  eorraa- 
poBding  to  a  giTan  aonod,  ablait  of  wind  ii  foreadAvm  tbaballova, 
into  III*  liiwD,  nntil  it  gives  a  coireapondiDg  note.  Tba  band*  on  tb« 
diali  being  brought  to  their  rcapeetiT*  mtm  at  tbe  eomiiMDeanMnt 
of  the  experiment,  their  poeitioB,  at  the  end  of  anj  known  Interral, 
win  indieMe  the  nnmber  of  puBa  of  air  which  have  aaeaped  from 
Iba  rarolTing  plate,  and  will,  eonaeqaently,  delannina  tba  number 
of  nndnlatioD*  of  the  air  which  oorreapODd  to  tba  aonid  pradnead. 

The  liren,  with  equal  Telocity,  girei  the  aame  MMad,  exeepting 
tba  timbre,  in  the  different  gaaes,  and  In  water,  aa  It  do«a  in  air, 
wbieb  proTta,  that  the  height  of  any  eoand  depanda  on  tba  ■■'wnber 
of  Tibntiona,  and  not  on  the  nature  of  tbe  aonarom  bodj, 

441.  Sawart>B  toothad  iriiMl^-SaTart  has  employed  anoUiar 
■ppaiatiu  to  count  the  number  of  Tibntiona  comepondlng  to  any 
proposed  pitch. 

It  coDiiata,  fig.  278.  of  a  toothed  wheel,  D,  to  be  reToWed  u  reg- 
ularly ai  poeeible,  by  meani  of  tha  wheel,  S,  and  endleas  band  r. 


Tbe  t4M)Uied  wheel,  D,  reTalring  rapidly,  makei  tlie  tongue,  C, 
vibrate,  producing  in  the  air  eorreaponding  undulations,  the  effect 
of  which  it  a  muiical  sound.  Aa  the  tongue  ii  itruck  on  the  paaaage 
of  eaeh  tooth,  tbe  number  of  vibratione  in  a  eecond  will  correepond 

How  do  we  detvrininc  the  number  uf  vibraliuus  I'urrMiiondini;  to 
agivenMundt  411.  Detcribu  lliu  cunilruutiunurtNkvarl't  toothed 
wheel 
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with  the  number  of  teeth  which  have  ttnick  the  tongae  in  the  same 
time.  This  is  learned  from  the  dial  plate,  0,  which  indicates  the 
number  of  revolutions  of  the  azn,  and  multiplying  this  by  the  num- 
ber of  teeth,  we  have  the  whole  number  of  vibrations  in  a  g^ven 
timcb  Upon  rcToWing  the  wheel  slowly,  we  may  hear  the  succee- 
siye  shocks  of  the  teeth  against  the  tongue,  and  aa  we  increase  the 
Telocity,  we  obtain  a  more  and  more  elevated  sound. 

442.  Muaio  halla. — Music  halls,  theatres,  &c,  should  be  so 
constructed  as  to  convey  the  sounds  that  are  uttered,  throughout 
the  space  occupied  by  the  audience,  unimpaired  by  any  echo  or 
conflicting  sound.  On  theoretical  grounds,  the  best  form  for  the 
walls  would  be  that  of  a  parabola.  Ornaments,  pillars,  alcoves, 
vaulted  ceilings,  all  needless  hollow  and  projecting  spaces,  break 
up  and  destroy  the  echoes,  and  resonances.  The  height  of  a 
room  for  public  speaking  should  be  not  more  than  from  thirty 
to  thirty-five  feet ;  for  at  this  point,  called  the  limit  of  percepti- 
bility, the  reflexion  and  the  voice  will  blend  together  well,  and 
thus  strengthen  the  voice  of  the  speaker ;  if  it  is  higher  than 
this,  the  direct  sound  and  the  echo  will  begin  to  be  heard  sepa- 
rately, and  produce  indistinctness.  (484 — 486.) 

2,^Phy$ical  Theory  of  Miuie. 

448.  Qualities  of  mualoal  sonnda. — ^Musical  sound  is  the  result 
of  continuous  vibrations,  rapid  and  isochronous,  producing  on  the 
organs  of  hearing  a  prolonged  sensation.  The  ear  distinguishes 
three  particular  qualities  in  sound.  1. — ^The  tons  or  pitch,  in 
virtue  of  which  sounds  are  high  or  Idw.  2. — ^The  intemity^  in 
virtue  of  which  they  are  loud  or  soft ;  and  8d, — a  property  ex- 
pressed by  the  word  timbre,  (for  which  we  have  no  exact 
English  equivalent) 

444.  1. — ^Tone  or  pitch. — The  tone  or  pitch  of  a  musical  sound 
is  grave  or  acute.  It  depends  on  the  rapidity  of  the  vibratory 
movement  The  more  rapid  the  vibrations  are,  the  more  acute 
will  be  the  sound.  Grave  sounds  are  often  loud,  because,  in 
order  to  produce  them,  there  must  be  quick  vibrations,  which  are 
generated  by  forcible  impulses. 


442.  How  should  music  halls,  &c,  be  constructed  t  What  is  the 
best  fonn  theoretically  t  What  is  the  effect  of  ornaments,  pillars, 
Ac  f  What  is  the  limit  of  height  of  a  room  for  public  speakiotf  f 
448.  What  are  musical  sounds  I  444^  What  ii  meant  b^  tA^^  <:kx  ^>N^\ 
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4i5.  2. — IntaBiity  or  londniw — The  intenaitj,  or  force  of 
sound,  depends  on  the  amplitude  of  the  oscillations ;  that  ia, 
upon  the  degree  of  condensation  produced  at  the  middle  of  the 
sonorous  wavoi 

Hie  same  sound  may  haTe  the  lame  d«gre«  of  gravity  or  aeute- 
neflt,  and  take  a  greater  or  lea  intensity,  aoeording  as  the  amplitude 
of  the  oMillationi  rariea  Tbai»  if  we  Tibrate  a  tente  cord,  the  in- 
tensity of  the  tone  will  vary,  as  the  distanoe  whieh  the  Tlbratinf 
parts  pass  on  eaeh  side  of  the  line  of  rest 

446.  3. — ^Timtareb — Timbre  is  that  quality  in  sound  which  al- 
lows us  to  distinguish,  perfectly,  between  sounds  of  the  same 
pitch,  and  the  same  intensity. 

Thus,  the  sounds  produced  by  the  flute  and  clarionet,  are  at  onoe 
distinguished.  The  timbre  of  instruments,  appears  to  depend  not 
only  on  the  nature  of  the  sonorous  body,  and  the  surrounding  bodies 
set  in  vibration  by  it,  but  also  on  the  form  and  material  of  the  inetrup 
ment ;  and  probably,  also,  on  the  form  of  the  curve  of  vibratioB. 

447.  Unison. — Sounds  produced  by  the  same  number  of  vi- 
brations  per  second,  arc  said  to  be  in  unison;  they  are  then 
equally  grave  or  acute. 

Tlius  the  siren  (44n,)  and  Savart's  (441,)  wheel,  are  in  unison 
when  we  caiiBo  them  to  make  the  same  number  of  vibrations  in  the 
same  time. 

448.  Melody. — Harmony. — Melody  in  music  consists  of  a  suc- 
cession of  notes,  having  a  simple  numerical  relation  to  each  other, 
and  producing  an  agreeable  impression  on  the  ear.  The  combi- 
nation of  such  sounds,  ut  proper  intervals,  produces  a  chord,  and 
a  succession  of  clionls,  coib^titutes  hannony.  Hy  measure,  ia 
understood,  making  the  duration  of  the  notes  or  strains  corres- 
pond with  certain  regular  divisions  of  time,  analogous  to  the 
metre  and  rhythm  of  i)oetry. 

440.  Muaical  scale. — QamuL — The  musical  scale  is  formed  of 
seven  ditlerent  sounds,  (without  counting  the  octave,)  which  are 
in  the  most  simple  relation  to  each  other,  and  which  in  combina- 
tion form  tunes.  This  series  of  sounds  is  called  the  gamut,  or 
diatonic  scale.     The  souikLs  which  comi>ose  it  are  the  notes  of 


445.  Upon  what  doo«  the  intensity  of  a  sound  <Iepen<l  f  44ti. 
What  is  the  tinihro  of  a  Bound  t  UiK>n  what  <Kkh  it  (h|MMiil  i  447. 
When  are  hOundH  in  unison  ?  <ove  an  illu.stnition.  }4S.  What  ix 
melody  in  music  f  What  id  meant  by  nicasuic^  AWK  What  is  the 
musical  scale  ?    What  is  this  seriiis  of  sounus  oalled  I 
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music.  Thej  are  deeignaUd,  in  English,  by  the  letters  C,  D,  £, 
F,  G,  A,  B.  In  French  and  Italian,  bj  the  words  ut,  or  do,  re,  mi, 
fi^  sol,  la,  sL 

We  may  also  represent  the  notes  of  the  gamut  in  numbers. 
In  order  to  find  the  relation  which  exists  between  the  fundamen- 
tal note,  C,  or  do,  and  the  other  notes,  the  sonometer,  or  mono- 
chord,  fig.  279,  IS  employed. 

450.  Thm  sononietttr  or  monooiiordr— This  instrument  is  used 
to  study  the  transverse  yibrations  of  oords ;  and  by  it  we  ascer- 
tain the  relation  between  the  different  notes  of  the  musical  scale, 
and,  with  the  aid  of  the  siren,  (440,)  the  number  of  yibrations  by 
which  they  are  respectively  produced. 

Over  a  case  of  thin  wood,  a  eord,  or  metallic  wire,  A,D,im  stretched 
over  the  pulley  n,  by  the  weights  P,  on  the  pan  wi,  fig.  279.    The 
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movable  bridge,  B,  can  be  plaeed  at  any  desired  point;  and  for 
eoDvenience  of  adjustment/ the  seals  is  marked  off  beneath  the  wire, 
eofflmencing  with  C.  The  string,  A  D,  when  vibrating  its  whole 
length,  produces  the  note  C;  in  order  to  prodnee  the  note  D,  the  mo- 
vable bridge,  B,  must  be  advanced  toward  the  fixed  bridge  D,  until 
the  length  of  the  cord  is  but  eight-ninths  of  that  whieh  produces  the 
note  d  Proceeding  in  the  same  manner  for  the  other  notes,  it  will 
be  found,  that  the  length  of  cord  corresponding  to  each  note,  is 
repre»ented  by  t&e  following  fractions. 

Notes  -  -     .         a    D.    R    F.    O.    A.    B. 

Relative  length  of  cord,  1     |     |      |      |     }      y|^ 

In  continuing  to  move  the  bridge  on  the  sonometer,  it  will  be 

How  are  these  sounds  designated  in  Enslish  t  How  in  French  t 
460.  What  is  the  object  of  the  sonometer  1  What  has  been  ascer- 
tained from  it  ?  Describe  its  eonstmetion.  How  is  the  numerical 
relation  between  the  different  sounds  determined  t  What  is  the  rel- 
aitve  length  of  the  different  cords  ?  What  relation  does  the  eighth 
sound  bear  to  the  fundamental  sound  1  WheX  Va  «kA  ^\  ^"^^^^ 
ta?esf 
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found,  that  the  eighth  soand,  the  oetaYe,  is  produced  by  a  length  of 
cord  half  that  of  the  fundamental  aound.  Upon  this  note,  an  octave 
higher  than  the  fundamental  note,  we  may  construct  a  leale,  each 
note  of  which  is  produced  by  the  vibration  of  a  cord  half  as  long 
as  the  same  note  in  the  preceding  gamut  In  the  same  manner  we 
may  have  also  a  third  and  a  fourth  scale. 

451.  Relaftiwe  immbar  of  wifantioBi  oon:— pondtag  to  — ch 
notcy — In  order  to  ascertain  the  relative  number  of  vibrationB 
corresponding  to  eadi  note  in  the  same  time,  it  is  sufficient  to 
reverse  the  fractions  of  the  preceding  table.  For  by  the  princi- 
ples already  established,  (389,)  the  number  of  vibrations  is  in  in- 
verse ratio  of  the  length  of  the  string.  Representing,  therefore, 
the  number  of  vibrations  corresponding  to  the  fundamental  note 
C,  by  1,  proceeding  as  above,  we  form  the  following  table : 

Notes,  -  -  C.    D.     E.     F.     G.    A.     B. 

Relative  number  of  vibrations,  1     |      fit      f     V 
Which  indicates,  that  in  producing  the  note  D,  nine  Tibnttons 
are  made  in  the  same  time  thateis^t  are  nuule  by  the  fundamental 
note  C.    So,  when  the  note  E  is  sounded,  five  vibrations  are 
mode  for  four  of  C ;  for  B,  fifteen  to  eight  of  C,  &c. 

452.  Absolute  number  of  vibrations  corresponding  to  each 
note* — ^By  setting  the  siren,  or  Savart*s  wheel,  in  unison  with 
a  given  sound,  we  obtain  the  absolute  number  of  vibrations 
corresponding  to  it  If  wc  set  the  siren  in  unison  with  the 
fundauiental  C,  in  order  to  obtain  the  number  of  vibrations 
corrcsi>onding  to  the  other  notes,  as  D,  we  liavo  but  to  mul- 
tiply it  by  tlic  fraction  },  &c  But  the  fundamental  C  varies 
with  the  nature,  lenj^h,  and  tension  of  the  cord  of  the  sonometer, 
and  therefore  the  number  of  vibrations  may  be  represented  by 
an  infinite  variety  of  numbers,  corrc8i>ondiug  to  the  differeut 
scales.  The  notes  of  the  scale  whose  gamut  corresponds  to  the 
gravest  sound  of  the  buss,  arc  indicated  by  1.  To  notes  of  gamuts 
more  elevated,  arc  atlixed  the  indices  2,  3,  &c. ;  to  graver  notes  are 
affixed  the  indices,  — 1, — 2,  &c.  The  number  of  simple  vibrations 
corresponding;  to  the  note  C,  is  128,  and  in  order  to  obtain  the 
number  of  vibrations  corresponding  to  the  other  notes,  we  have 

4A1.  How  are  tho  relative  numbers  of  vibrations  corrotponding  to 
each  other  detoriiiined  f  What  are  these  numbers  7  Wliut  do  these 
numbers  indicate  F  4.12.  How  is  the  absolute  number  of  vibrations 
corresponding  to  each  uute  found  f  liow  are  tlu;  different  gamuts 
indicated! 
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but  to  multiply  this  number  by  the  fractions  indicated  in  (451,) 
which  gives  the  following  table. 

Notes,         -  -  -       C.     D.     E.     F.     G.     A    B. 

Ah<5olute  number  of  simple 

vihratioiLs  128  144  160  170  192  211  240 

The  n'snluU'  number  of  vibrations  for  the  superior  gamut,  is 
obtained  by  nniltiplying  the  numbers  in  the  table  successively, 
)>y  'J,  liy  3,  by  4^  &c. ;  for  the  lower  gamut,  we  divide  the  same 
nuni'ars  \ty  2,  by  4,  &c.  Thus,  the  number  of  vibrations  of  A3 
is  2 1 1^  X  4  =  850  simple  vibrations,  or  428  complete  vibrations. 

It  n)U:«t,  however,  be  stated,  that  there  is  a  slight  difference  of 
opinion  as  to  ihe  actual  number  of  vibrations  producing  a  particular 
note.  Til  us  A:i  of  the  pitch  adopted  at  different  orohestras,  which 
in  the  above  table  is  stated  to  be  produced  by  428  vibrationB,  varies 
as  follows : 

Orchestra  of  Berlin  Opera,        -        -        -        -        437*82 
Opera  Comique,  Paris,  .        -        -        .  427*61 

Academic  de  la  Musique,  Paris,  ...        431  -34 

Italian  Opera,  "  ...  42414 

In  piano-fortes,  which,  for  private  purposes,  are  generally  tuned 
below  concert  pitch,  AS,  is  produced  by  about  420  vibrations  in  a 
second. 

There  has  been  a  curious  progressive  elevation  of  the  diapason 
(pitch)  of  orchestras,  since  the  time  of  Louis  XIV,  when  the  U  in 
the  orchestra  was  (according  to  Sauveur)  810  simple  vibrations, 
(  =  405  complete  vibrations,)  per  second ;  the  number  at  the  grand 
opera  is  now  898,  or  nearly  a  tone  higher.  This  rise  has  taken  place 
mainly  in  the  present  century — being  a  semi-tone  since  1828.  The 
comparatife  rarity  of  tenor  voices  has  been  thus  accounted  for. 
The  causes  of  thia  change,  (which  is  still  in  progress,)  would  demand 
some  space  to  explain.  But  the  prevalence  of  military  music  with 
wind  and  stringed  instruments,  is  a  principal  cause. 

453.  Length  of  aonoKOiui  wawaa. — It  is  easy  to  ascertain  the 
len^^th  of  a  sonorous  vibration,  if  we  know  the  number  of  vibra- 
tions made  in  a  second.  For,  as  sound  travels  at  the  rate  of  1118 
feet  per  second,  if  but  one  vibration  is  made  in  that  time,  the 
lon^^th  of  the  wave  must  bo  1118  feet;  if  two  vibrations,  the 
length  of  each  must  be  half  of  1118,  =s  569  feet,  &c 

What  is  the  number  of  vibrations  corresponding  to  the  different 
notes  f  How  are  the  number  of  vibrations  for  the  notes  of  other 
irainuu  ohr^kinedf  What  is  stated  as  the  actual  number  of  vibra- 
tions producing  a  particular  note!  453.  Uow  is  the  length  of  so- 
norous vibrations  ascertained  1 
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0,  ooiraspoodi,  as  we  ha¥6  seen,  to  128  ribnitioiit  p«r  ■eeond ; 
the  length  of  ito  waves  is,  therefore,  (HIS  -ft-  1S8,)  =  8-78  feet 

The  following  table  indicates  the  length  of  the  waves  coirespond- 
ing  to  the  C  of  successive  scales. 


Ltngft  of  WRves  to  feet 

Xambar  of  TibntloM  ia  ft 

V"""©         •          •          •          • 

10' 

16 

C— 8    .    . 

86- 

82 

C-1    .    . 

17-6 

64 

C— 1    .    . 

8-78 

128 

C— 2    .    . 

4-876 

266 

C-8    .    . 

2-187 

612 

C— 4    .    , 

1-088 

1024 

464  IntarvaL — ^IhteiTal  is  the  Qumericil  relatioii  existing  be- 
tween the  number  of  Yibrations  made  in  the  same  time  by  two 
soonds,  or  it  is  that  which  indicates  how  nradi  one  sound  is 
higher  than  another. 

The  interval  of  C  to  D,  is  called  a  second;  of  C  to  E;  a  third;  of 
CtoF,  a  fourth;  ofCtoG,  a  fifth;  of  C  to  A,  a  sixth ;  ofCtoB,  a 
seventh;  of  C  to  C,  an  octave.  The  following  table  gives  the  inter- 
vals of  successive  notes,  obtained  by  dividing  the  vibrations  of  one 
note,  bj  the  vibrations  of  the  note  immediately  preceding  it 
Notes,        -  -  -       C.    D.     E.    F.    G.    A.    B.    a 

Relative  number  of  vibrations,  1     f      }      4     }     f     V      8 
Interval,  |     y    ||    |     y      |    || 

It  may  be  observed,  that  there  are  but  three  different  intervals, 
1.  y  1^  The  first  is  called  major  tone.  The  second  minoi^tone. 
The  third  major-semi-tone.  A  comma  is  the  interval  between  the 
minor  tone  y ,  and  the  migor  tone  |.  is  If,  differing  from  a  unit 
but  by  ^  Unless  the  ear  is  well  trained,  it  cannot  appreeiate 
this  difference,  just  as  the  eye  ii  not  disturbed  by  small  alterationa 
in  the  proportion  of  objects,  the  symmetry  and  form  of  which  are 
pleasant. 

465.  Flats  and  sharps. — If  we  wish  to  write  a  tone  with  scales 
more  or  less  grave,  it  would  seem  necessary  to  take  the  notes  in 
different  octaves.  But  from  one  octave  to  another,  there  is  too 
great  a  difference  in  most  cases,  and  the  scope  of  our  instruments 
would  not  permit  us  to  find  all  the  sounds  needed. 

Musicians  have  therefore  inserted,  betwen  the  sounds  of  the  nat- 
ural gamut,  intermediate  sounds,  which  are  designated  under  the 

Give  the  length  of  the  waves  corresponding  to  the  0  of  successive 

seales.    Give  Uie  number  of  vibrations  per  second.     454.  What  is 

an  interval  in  music  t    What  are  the  different  intervals  f    How  many 

intervals  are  there  ff    What  is  said  of  the  comma  ?    455.  What  are 

ffats  and  sharps  t 
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name  of  flats  and  abarpe.  These  intennediate  sonndB  bear  tbe  name 
of  tbe  lower  note,  followed  by  the  word  tharp,  or  of  the  upper  note 
followed  by  the  word /at  A  note  sharped  or  flatted,  is  elevated 
or  lowered  in  the  musical  scale  in  such  a  manner,  that  the  rapidity  of 
its  Tibrations  h  increased  or  diminished  in  a  certain  ratio  which  yaries 
for  the  different  parts  of  the  scale.  Therefore,  between  all  notes  of 
the  natural  gamut,  there  are  two  intermediate  sounds,  a  flat  and  a 
sharp.  In  music,  the  sharp  is  indicated  by  the  sign  (dUt}  and  the  flat 
by  the  letter  (6.) 

456.  Concord  and  discord. — Concord  is  the  simultaneous  pro- 
duction of  many  sounds,  producing  on  the  ear  an  agreeable  sen- 
sation. Concord  only  takes  place  when  the  difference  in  the 
number  of  vibrations  of  simultaneous  sounds  is  in  a  simple  ratio, 
80  that  the  ear  readily  discovers  the  relation.  If  the  ratio  is  com- 
plicated, the  ear  is  disagreeably  affected,  and  discord  results. 

The  most  simple  ooncord  is,  evidently,  unison  (447,)  in  which  the 
two  sounds  correspond  to  the  same  number  of  vibrations.  After  uni- 
SOD,  comes  the  octave ;  of  which  one  of  the  two  sounds  has  double  the 
number  of  vibrations  of  the  other.  Representing  the  fundamental 
sound  by  1,  the  acute  octave  will  be  represented  by  2,  and  the  grave 
octave  by  i.  Consequently,  every  alternate  vibration  of  the  upper 
note,  coincides  with  the  commencement  of  the  lower.  After  the 
octave,  the  most  umple  concords,  are  the  fifth,  |.,  tbe  sharp  note 
being  produced  by  three  vibrations,  while  the  grave  note  is  pro- 
duced by  two  in  the  same  time,  correspoding  to  the  interval  C  to 
G.  This  concord  is  termed  a  fifth,  because  the  note  G  is  the  fifth 
from  C.  A  similar  explanation  applies  to  the  numerical  names  of  the 
other  concorda 

The  fourth,  or  1,  corresponds  to  the  interval  C  to  F. 

Tlie  major  third,  or  {,  corresponds  to  the  interval  C  to  R 

The  minor  third,  or  |,  is  the  interval  £  to  G. 

In  fig.  280,  the  dots  represent  musical  notes;  those  vibrations 
which  occur  simultaneously,  and  therefore  increase  each  other's 
power,  are  connected  by  vertical  linea  * 


How  is  a  note  sharped!  How  is  a  note  flatted!  456.  What 
is  concord  t  When  does  concord  take  place !  When  does  discord 
result  f  What  is  the  most  simple  concord !  Which  is  most  simple 
after  unison!  What  is  the  nfUi!  Mention  the  other  eoncoids. 
tihow  tlieir  relation  to  each  other. 
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Thus  the  most  simple  eonconls  are  thn^e  in  which  the  Tibratione 
of  the  aouoda  are  between  thenu«lve»,  an  the  nunibera  4, :  8.  5  :  4, 

6:  5. 

280 

457.  Perfect  concord. 
Perfect  concord,  which 
produces  on  the  ear  the 
most  agreeable  musical 
sensation,  is  formed  with 
three  sounds,  of  which 
the  number  of  vibrations 
is  in  the  most  simple 
relation  between  them- 
aelves  and  the  funda- 
mental sound.  In  the 
most  agreeable  accord, 
the  relation  between 
these  sounds  is  4,  5,  0. 
Thus,  C  E  G.  G  B  D, 
form  two  perfect  accords. 

458.  Chromatic  scale. 
In  the  diatonic  scale,  as 
we  have  seen,  the  in- 
tervals, though  nearly 
et|ual  do  not  correspontL  In  order  to  do  away  with  this  inetiuality 
semi-tones  have  been  introduce<l  between  the  entire  tones.  The 
octave  is  thus  made  to  consist  of  seven  natural  and  five  semi- 
tones. But  even  in  this,  fhichromnticttcale^  the  intervals  arc 
not  perfectly  e(jualize<l,  though  in  practical  music  it  is  assumed 
that  they  arc  so. 

459.  Beating. — When  two  sounfls  arc  pnxluccd  at  the  same 
time  which  are  not  in  unison,  alternations  of  strength  and  feeble- 
ness are  heard,  which  succeed  each  other  at  rcgidar  intervals. 

Tlii«  phenomenon,  eallerl  beating,  didcovered  by  Snvart,  is  easily 
explained.  Supposing  that  the  number  of  vibrations  of  the  two 
•ounds  was  8u  and  81 ;  after  ttO  vibrations  of  the  finit,  and  81  of  the 
aeeond,  there  would  be  coincidence,  and  in  consequence,  beating, 
while  at  any  other  moment,  the  sonorous  waves  not  being  snperin- 
posed,  the  effect  would  be  less.    If  the  beatings  are  near  to  each  oilier, 

457.  What  is  perfect  concord  ?  MtMition  tin*  perfect  concords. 
458.  What  is  suid  of  the  cbniniutic  scale?  \o\K  Wliul  is  beating  f 
How  ia  it  ezplaioed  t 
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there  ie  produced  a  coDtinuous  sound,  which  is  g^yer  than  the  two 
•onnds  which  compose  it,  since  it  comes  from  a  tingle  vibration, 
while  the  other  sounds  are  made  of  80  and  81  vibrationa. 

460.  ZXapaaon,  tunliig-foriK. — ^The  diapason  is  a  familiar  in- 
strument, with  which  we  may  produce,  at  will,  an  invariable 
note ;  its  use  regulates  the  tone  of  musical  instruments.  It  is 
formed  from  a  bar  of  steel,  curved,  as  seen  in  fig.  281.  It  is 
sounded  by  drawing  through  it  a  281 
smooth  rod  of  steel,  large  enough  to 
spring  open  the  limbs,  and  its  vibra- 
tions are  greatly  strengthened  to  the 
ear  by  mounting  it,  as  in  the  figure, 
upon  a  box  of  thin  wood,  open  at  one 
end  A  diapason,  giving  C3,  or  256 
vibrations  in  a  second,  produces  a 
sound  comparable  with  that  from  an 
organ  tube. 

The  diapason  is  ordinarily  formed  to 
produce  A3,  corresponding  to  428  vibra- 
tions in  a  second. 

The  whole  diatonic  scale  is  thus  con- 
veniently constructed,  by  a  series  of  dia- 
pasons, arranged  m  in  fig.  282,  upon  a 
sounding-box,  A  A. 

461.  Seosibmty  of  the  e«r.—Ac. 
cording  to  Savart,  the  most  grave  note 
the  ear  is  capable  of  appreciating,  is  produced  by  from  seven  to 
eight  complete  vibrations  per  secoiuL  AVhcn  a  less  numlier  is 
made,  the  vibrations  are  heard  as  distinct  and  successive  sounds. 

The  most  acute  musical  sound  recognized,  w^as  produced  by 
24,000   complete    vibra-  282 

tions  per  second.  Savart 
maintains,  however,  that 
this  is  not  the  extreme 
limit  of  the  sensibility  of 
the  ear,  which  is  capable 
of  wonderful  training. 
The  same  physicist  has  " 
also  demonstrated,  that  two  complete  vibrations  arc  su£Bcient  to 

What  is  the  result  if  the  beatings  are  near  to  each  other! 
460.  What  is  the  tuning-fork  ?  How  may  the  sound  be  strength- 
ened? 461.  Which  is  the  most  grave  note  the  ear  can  appreciaUt 
Which  is  the  most  acute  musicalsonnd  reco^xift^X 
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enable  the  ear  to  determine  the  rapidity  of  these  Tfbrations  ; 
that  is,  the  height  of  the  sound  produced.  If  his  wheel  made 
24,000  yibrations  in  a  second,  the  two  require  but  .^^  y^^th  of  a 
second.  The  ear  may,  therefore,  compare  sounds  whidi  act  only 
during  this  wonderfully  brief  interyaL 

Many  insects  produce  sounds  so  acute  as  to  baffle  the  human 
ear  to  distinguish  them;  and  naturalists  assert,  that  there  are 
many  sounds  in  nature  too  acute  for  human  ears,  which  are  yet 
perfectly  appreciated  by  the  animals  to  which  they  are  notes  of 
warning,  or  calls  of  attraction. 

8. —  Vibration  of  air  contained  in  tubes. 

462.  Sonorous  tubes. — Mode  of  vflirating. — In  wind  instru- 
ments, with  walls  of  suitable  thickness,  the  column  of  air  con- 
tained in  the  tubes  alone,  enters  into  vibration. 

The  material  of  the  tube  has  no  inflaenee  upon  the  soond,  but  ef- 

fectfl  the  timbre,  (446,)  in  a  striking  and  important  manner.    Tlie 

pitch  of  the  sound  produced,  depends  partly  on  the  size  and  sitoa- 

283  284  tion  of  the  embouchure ;  still  more  on  the 

manner  of  imparting  the  first  movement  to 
the  air,  and  partly  also  on  varying  the 
length  of  the  tube  containing  the  oolunm 
of  air. 

Sonorous  vibrations  are  produced  in 
tubes  in  a  number  of  ways.  1. — By 
blowing  obliquely  into  the  open  end  of  a 
tube,  as  in  the  Pandean  pipe.  2. — By 
directing  a  current  of  air  into  an  embou- 
chure, or  near  the  closed  end  of  the  tube. 
These  tubes  are  called  mouth  pipes.  S. — 
By  thin  vibrating  laminae  of  metal,  or 
of  wood,  called  reeds,  or  by  the  vibra- 
tion of  the  lips,  acting  as  rccds.  4, — ^By 
a  small  flame  of  hydrogen  gas. 

463.  Mouth-pipes. — Fig.  283  represents  tlic  embouchure  of  an 
organ  tube,  fig.  284,  that  of  a  whistle  or  flageolet     In  these  two 


now  many  vibrations  arc  necessary  before  the  height  of  the  mu- 
sical sound  may  he  determined  t  What  of  sounds  too  acute  for  hu- 
man ears!  402.  What  is  said  of  the  vihration  of  wind  iustrument<>  f 
Upon  what  does  the  pitch  of  the  sound  depend  t  How  are  sonorous 
viorations  produced  m  tubes  t 
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figares,  the  air  is  introduced  by  the  opening,  i,  (called  the  ht- 
mUre) ;  5  0,  is  the  mouth,  of  which  the  upper  lip  is  beveled. 
The  foot,  P,  fig.  284,  connects  the  pipe  with  a  wind-chest  When 
a  rapid  current  of  air  passes  through  the  inlet,  it  encounters  the 
edge  of  the  upper  lip,  which  partially  obstructs  ft,  causing  a 
shock,  so  that  the  air  passes  through  5  0  in  an  intermittent 
manner.  These  pulsations  arc  transmitted  to  tho  air  in  the  tube, 
making  it  Tibrate,  and  producing  a  sound. 

In  order  to  have  a  pure  toand,  there  must  exist  a  certain  relation  be- 
tween the  dimensions  of  the  lips,  the  opening  of  the  month,  and  the  size 
of  the  lumi^.  Again,  the  length  of  the  tube  must  bear  a  cerlnin  ratio 
to  its  diameter.  In  those  wind  instnimmiis,  like  the  flate,  flageolet,  &c., 
in  which  various  notes  arc  prodaced  by  the  opening  and  closing  of  holes 
ill  their  sides  by  means  of  fingers  or  keyt,  there  is  a  virtual  variation  in 
the  leng-h  of  the  tube,  which  determioes  the  pitch  of  the  various  notes 
produced.  The  number  of  vibrations  depends  upon  the  dimensions  of 
the  tube  and  the  velocity  of  the  current  of  air. 

464.  Reed  p4>es. — A  reed  is  an  elastic  plate  of  metal,  or  of 
wood,  attached  to  an  opening  in  sudi  a  manner,  that  a  current  of 
air,  passing  into  the  opening,  causes  tho  plate  to  yibratc.  This 
vibration  is  propagated  to  the  surrounding  air.  Reeds  are  found 
in  hautboys,  bassoons,  clarionctR,  trumpets,  and  in  the  Jewish 
harp,  which  is  tho  most  simple  instrument  of  this  species. 

Fig.  285  represenis  a  reed  pipe,  mounted  on  the  box  of  a  bellows,  Q.  A 
glass,  E,  in  one  of  the  walls  of  the  tube,  allows  the  vibrations  of  the 
reed  to  be  seen.  The  case,  /f,  tenrcs  to  strengthen  the  sound.  Fig.  386 
represents  the  reed  separated  from  the  tube.  It  is  composed  of  a  rectan- 
gular ease  of  wood,  closed  at  its  lower  end,  and  open  at  the  top,  at  a 
point  o.  A  plate  of  copper,  e  e,  contains  a  longitudinal  opening,  de- 
signed to  allow  the  passage  of  the  air  from  the  tube,  M  N,  throught  he 
orifice  0.  An  elastic  plate,  i,  almost  closing  the  aperture,  is  confined  at 
its  upper  end.  The  sliding  rod,  r,  curved  at  its  ]oi%er  end,  permits  the 
regulation  of  the  pitch,  by  alterationa  in  the  length  of  the  vibrating  part 
of  the  plate. 

When  a  current  of  air  passes  in  through  the  foot,  F,  the  reed  vibrates, 
alternately  opening  and  closing  the  aperture     The  vibrationa  being  very 

463.  How  is  ihe  air  thrown  into  vibration  in  mouth  pipes  ?  Upon 
what  does  a  pure  nound  depend  ?  What  is  the  use  of  the  keyd  ?  464, 
What  is  a  reed  }  What  is  the  construction  of  the  reed  ?  What  is  tho 
action  of  a  cnrrent  of  air  pesing  ioto  the  pipe  7 

18 


n^.  A*  aMRd  pniaetd  nrin  in  jiiA  wlOi  ibe  nlod^^  ike  emcM. 

lUanoBdfatnDMiiJticd  talbmtniarair  ihrM^lb»4adB|« 
In  thli  kind  of  md,  the  vibnting  pUie  pian  ikioo^  lk  kpenajt!, 
965  aSE  witbonl  lU  mlb,  sad  tbe  looa  to 

rcmiAibly  pun  and    frea  from 
■Dj  hiithncML 

In  ibe  Trench  hma,  ibe  mnpit, 
and  other  similar  hMramnta.  the 
Hand  ii  predaccd  hr  tbs  vfbratiim 
of  lb*  li|»  tf  ihi  paribtmcT,  aetiBg 
UlMrcnlK 

«6.  Om  Jat— a  jrt  of  hy- 
drogen gas,  or  of  oonunon  Dl»> 
minating  gts,  burned  within  a 
tall  tube  of  ^ass,  or  othar  ma- 
terial, occaBiona,  if  accurfttelj 
acynated,  a  mnaical  note.  A 
simple  form  of  this  arrange- 
ment is  seen  in  fig.  SS7,  where 
hydrogtn,  generatod  hj  tbe 
atrtioD  of  dilute  Bulphuric  add 
,  on  cine  in  the  bottle,  is  burned 
tntn  the  narrow  glass  tuba, 
within  one  oflarger  dimensiona. 
It  is  bett«r  to  take  the  gM  fron 
a  reserroir,  or  gas  jet,  with  a 
key  interposed,  to  regulate  the  Tolume  of  the  flame.  The  cause 
of  the  Tibrations  and  sound  in  this  case  i«  to  be  found  in  the  pe- 
riodical explosions  of  small  portions  of  free  gas,  mingled  with 
common  air.  The  heat  occasions  a  powerful  ascending  currait 
of  air,  raomentarilj  eiUnguishing  the  flame,  and  at  the  same  in- 
stant permitting  the  miiture  of  tbe  atmospheric  oiygea  with  m 
portion  of  inflammable  gas.  Tbe  expiring  flainelundles  thissz- 
ploaire  mixture,  and  relights  the  jeL  As  these  succcssiTe  phe- 
nomena occur  with  great  rapidity,  and  at  regular  interrals,  the 
necessary  cgnsequenee  is  a  mnkical  note. 

466.  Hnsloal  instnnnents^ — The  principles  slready  explained 
in  this  chapter,  will  illustrate  the  pecuUar  power  of  the  sercrkl 

InwhailnitniBftenttdDihellpaaetasreedsT    *ii.  ExpUn ihe lihta- 
tin*  from  a  |aa  jet    What  oMSStha  Bad  T    4G(L    Whst  It  said  of 
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mais  of  mniietl  instrumenia  in  oommon  use.  It  is  inoonsistent 
with  mv  limited  tptoe  to  dvscribe,  in  detail,  these  serenl  instru- 
ment&    Such  details  belong  to  aspecial  treatise  on  287 

music  Musical  instruments  are  divided,  chiefly, 
under  the  head  of  wind  and  stringed  instruments, 
and  those  like  the  drum,  in  which  a  membrane 
is  the  source  of  vibration. 

Wind  instrumentt  are  sounded,  either  with  an  .] 
embouchure,  like  a  flute,  or  with  reeds.    The  first  h 
division  includes  the  flute,  pipe,  flageolet,  ftc, '?' 
and  in  the  second  are  found  the  clarionet,  has- 
soon,  horns,  trombones,  Ac.    The  organ  also  be- 
longs to  this  division,  and  is,  incompanblj,  the 
grandest  of  ail  musical  instruments,  as  its  power 
and  majesty  is  without  parallel  in  instrumental 
combinations. 

Stringed  instrumenta  are  all  compound  instru- 
ments. The  sounds  produced  by  the  vibration  of  the  cords,  are 
strengthened  by  elastic  plates  of  wood,  and  incioeed  portions  of 
air,  to  which  the  oords  communicate  th^  own  vibrations.  They 
are  vibrated  either  by,  a  bow,  as  in  the  violin,  by  twanging,  as  in 
the  harp,  or  by  percussion,  as  in  the  plana 

Drvnu  are  of  three  sorts ;  the  common  regimental  or  snare  drum, 
which  is  a  cylinder  of  brass,  covered  with  membrane,  and  beaten 
on  one  end  only;  the  bass,  or  double  drum,  of  much  larger  di- 
mensions, and  beaten  on  both  heads ;  and  thirdly,  the  kettle  drum, 
a  hemispherical  vessd  of  copper,  covered  with  vellum,  and  sup- 
ported on  a  tripod.  This  drum  has  an  opening  in  the  metallic 
case,  to  equalize  the  vibrations.  They  all  depend,  of  course,  upon 
the  vibraUon  of  tense  membranes.  (898.) 

467.  ZjawsofBeraooIliontlMTfbratioaof  airintnbea. — ^The 
following  laws  of  the  vibration  of  air  contained  in  tubes,  were 
discovered  by  Daniel  Bernoulli,  a  celebrated  geometrician  who 
died  in  1782.    We  may  divide  the  tubes  into  two  classes. 

a, — Tubes  of  which  the  extremity  opposite  the  mouth  is  closed. 

b. — Tubes  open  at  both  extremities. 

a. — Tubes  of  which  the  extremity  oppoeite  the  mouth  ie  eloeed, 
Ist — The  same  tube  may  produce  different  sounds,  the  number 

of  vibrations  in  which  will  be  to  eadi  other  as  the  odd  numbers 

1,8,6,  7,  Ac. 


Nana  soma  in  each  elaai  of  scriDfed  inatnimeota.     "Bam  am  ^Sbtj 
Boaoded  7    What  of  drama  T    What  paealiaritf  ia  ia  th*  kafta&ifc-kwaa.\ 
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td.^4i  tabes  of  mieqml  length,  mandft  of  tlw  -flune  order 
eorrespood  to  the  Dumber  of  Tibntions.  which  m  ia  inrerBe 
ntio  of  the  length  of  the  tabes. 

Sd. — ^The  colanui  of  air  Tibrmting  in  a  tube,  is  dirided  into 
cqaal  psii«.  whicli  Tibimte  sepsntely  and  in  unison.  The  open 
orifiee  being  alwars  in  the  middle  of  a  vibrating  part«  the  length 
of  a  Tibrating  part  is  equal  to  the  length  of  a  ware  oorrespon^ng 
to  the  soond  prodoccd. 

h. — Tube$  open  at  both  ertremiiim. 

The  lawd  for  tubes  open  at  both  eztremitiea,  are  the  same  as 
the  preceding,  excepting  that  the  sounds  produced  are  repre^ 
seated  br  the  series  of  nataral  numbers,  1,  2,  3,  4,  kc;  and 
that  the  extremities  of  the  tubes  are  in  the  middle  of  a  ribrating 
part,  Again,  the  fundamental  sound  of  a  tube  open  at  both  ex- 
tremities, is  alwars  the  acute  octare  of  the  same  sound  in  a  tube 
doMd  at  one  extremitr. 

468.  Basalts  of  wn>ailiam<, — ^The  laws  of  Bernoulli  are  not 
axactlj  confirmed  by  experimenL  With  tubes  baring  a  boochc^ 
or  reed,  grarer  sounds  are  obtained  than  those  indicated  hj 
theory.  That  these  laws  mar  accord  with  theorr.  tubes  must  be 
used,  of  which  the  section  is  rerr  small  in  relation  to  the  length, 
and  the  air  must  be  set  in  vibration  in  all  the  circumference 
of  the  tube,  and  not  on  a  single  side,  as  is  general  I  r  done. 

VOCAL  AND  AUDITORY  APPARATl'S. 

THE    VOICE. 

400.  Vocal  apparatus  of  num. — The  vocal  apparatus  of  man 
consists  essentially  of  three  part£,  the  trachea,  the  lar}-nx.  and 
the  mouth.  The  lungs  and  trachea  perform  the  part  of  a  bellows 
or  wind  (:he.<*t  i>f  an  organ.  The  larynx  corresponds  to  the 
mouth-piece,  or  that  part  of  the  organ  tu^ie  which  gives  the  pe- 
culiar character  to  the  sound.  The  mouth  and  nasal  passages 
correspond  to  that  part  of  the  tube  above  the  mouth-piece  from 
which  the  vibration-j  of  the  column  of  air  are  thrown  into  the 
atmosphere.     The  air  comes  from  the  lun«;s  through  the  trachea, 


467.  What  are  ibe  law-i  oi"  Benioo'ii  on  the  vibnMnn  of  mir  in  tnbea 
of  which  orj«  »-xtrrriiny  i«  clos^-d  ?  What  ihr  laws  when  both  exirvmi- 
tietarvopen?  4C*?  What  refluha  '»re  ob:aine.l  by  eij^-ritur-nt  f  469. 
01  whti  dors  ih^  Tocal  apparotoi  of  man  conaiitt  ?  What  office  does 
each  of  ihsK  parts  pcribnn  ? 


which  is  a  tube  fonoed  of  cutiUginous  rings,  and  is  delivered 
into  the  Uryiuc,  an  organ  nearly  closed  by  two  niembnuies. 

Mailer  fau  Aowa  that  (he  laryni  li  naetitiallr  a  Trtd  inMraawnt, 
(urnisbcd  wiih  a  doable  membranous  longue.  In  this  ihe  voice  ia  pre- 
doeed ;  Tor  if  an  opening  ■■  pirroed  in  tbp  nchra,  bdaw  the  laiynz,  the 
air  eacapes  bf  ihia  oprnine,  and  il  is  not  possible  lo  ptodoeea  aonnd.  If 
an  opening  ia  made  abore  iha  laryni,  il  does  not  preTsnl  the  fanoation 
of  aoand.  MagendU  mealiooa  the  eaae  of  a  man  wfag  bad  a  GanlnnB 
openinf  in  bis  trachea,  and  who  conld  aot  apeak  anteaa  ha  eloaed  it,  or 


4T0.  ^la  Ijmejn*. — This  organ  is  composed  essentially  of  flmr 
pieces  of  cartilage,  called  rettpectirely  the  thyroid,  cricoid,  and 
the  two  arytenoid  cartilagea.     Iti  28S 

flg.  S88,  showing  a  vertical  Eection 
through  the  larynx  and  glottix,  the 
position  of  the  thyroid  and  cricoid  j 
cartilages  ia  seen  in  bb,  <td.  The  J 
thyroid  rartilag:e  is  made  of  two  1 
flat  plates  whose  upper  edges  are  1 
curved  somewhat  like  the  letter  S, 
and  forms  a  prominent  projection 
on  the  throat  of  man,  visible  ei- 
terinrly,  and  vulgarly  called  Adam's 
Apple.  The  cricoid  cartilage,  aa, 
lie*  below  the  thyroid  rartilage,  and 
is  in  feet  only  an  enlargement  of  one 
of  the  cartilaginous  ringx  forming 
the  wind-pipe.  The  poeitiiHi  of  the 
arytenoid  cartilagen  Ik  over  the  rri- 
coid  cartilages.  Thc^c  Beveral  cartilages,  with  the  hyoid  bone, 
serve  as  (loints  of  attachment  for  the  muscles  fomung  the  pro- 
per vocal  apparatus.  The  two  chief  tongues  of  the  glottis,  or 
proper  vocat  cnrdi*,  rr,  extend  IVom  the  thyrmd  cartilage  to 
the  ar_^-tcnoid  cartilages,  and  leave  between  them  a  flisora,  the 
rimtt  Toralit.  nr  glottis,  shown  better  in  flg,  SStl.  This  flwm 
leads  on  one  side  into  the  trachea,  which  lies  balow  the  Urynx, 
and  on  (he  other  into  the  cavity  of  the  larynx  iXstAI.  which  com- 
municati-s  with  the  cavities  of  the  mouth  and  no»e. 

Brriilralhr  proper  vuril  cc<rdi,  there  are  ibe  trniiicular  eoiim.dd.  >J(B- 
ated  a  Maall  diaiance  abuve  them  in  the  ejiigloliii ;  ihrr  aie  \rta  devcl- 


Wbai  docs  Mailer  aaj  of   (he  Uit«1      V.O.  \»«wftft  ■i»>Mi;»». 


Mm  TOCAL  Am*  AVDITOBT  AFPAIUTm. 


I  bare  no  part  In  At  fnthm 
tioD  of  TW>J  ■ododa,  whicb.boiTeTrr,  (be;  donbilni  wire  to  modiff  and 
McagtlKn  in  Lbe  same  way  aa  ihe  conical  eaae  tormoBDting  an  arpB 
taba.     CBce  H,  fig.  335.) 

Between  thcae  two  nta  of  card*  ara  wen  the  dcap  dapnaalona,  ealM 
Iha  Tentilelaa  of  the  gUa^a. 

WO  471.  TbaOkilUar— AdavidMiuTbaobtefawdor 

the  fDnn  and  »ctkn  of  the  gktttfs,  liy  Ripposing  tiro 
*i  piecM  of  India  rabtta  strat«h*d  anr  the  orifice  of* 
I  tube,  so  that  a  Binall  flssun  is  left  betweea  Ibcn,  8g. 
390. 
Bf  fureinif  air  thnvgfa  ivdi  a  tuba,  Mande  will  ba  pti^ 
f  doecd,  Tarjping  with  the  ten^n  af  the  meubfaaea  and  tb» 
j  dioKDilana  of  the  (pertan.  TIm  (ietiia  i*  a  SMan-llha 
opening,  bonnded  bj  almikr  mcmbiaDea.  Br  meana  at  k 
•aibi  of  mall  moaclce,  (be  Tacal  eecda  nay  be  azunded  or  tdaxcd,  at 
fbaaan,  irtrik  other  maarlra  afibrd  iha  power  of  altering  the  width  «f 
the  voeal  fiaanra. 

47S.  ibehialKB  of  tho  Toiok^ — The  fofnutiou  of  Htiitd  in  Um 
laijitx,  aa  hu  been  alratdj  suggested,  is  produced  bj  the  TibntioB 
of  the  vockl  oords,  acting  ai  a  species  of  membmtous  reed,  undw 
the  influence  of  air  fhnn  the  lungs.  The  sound  being  produced 
■■  in  ordinary  reeds  (4M)  by  the  intermitteDt  current  of  air. 

aag  Tbe  glottis  is  the  original  seat  of  the 

sound,  and  idthougb  other  puts  of  th* 
rcspinttory  apparatus  havea  certain  in- 
'luence  in  modifying  t)ie  tone,  they  have 
.0  share  whatever  in  the  producttoD  of 
I  the   Botinds,   oi  in  detertnining  tiieir 

^^^  When  at  rest,  the  lips  of  the  glottis 

^^^^^^^  are  wrinkled  and  pliotted,  so  that  thft 

i^^^^^^^^t      *"  *"  Tvpiration  passing  through  tho 

^^^^^^^^^^^^    fissure  fiUls  to  put  the  membraoee  in 

^^^^^^^^^^HB   TihratioiL     But  as  the  musician  tunea 

^^^^^^^^^^^^V  bis  iitstrument  by  iitcreasing  or  dimiii- 

^^■Ml^^         iahingtbe  tension  of  its  Tibratingstring^ 

so  something  like  this  occura  tvttb  tbe  human  Uryns.     Theao 

What  i*  Mid  of  tbe  leniricular  corde  t  4TI.  How  mar  a  clear  idea 
oftbegloltiabeobuincdt  How  are  the  rocalcotdi  moved  t  4TSl  How 
iewBitd  prodncedin  tbe  larynx  I  What  ia  the  ori<inel  seat  of  aamtdl 
How  are  soiuids  produced  b;  tbe  #o\tta^    I>cici^  tii,  ^S(). 
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two  conditioDB  of  the  glottis  are  beMitifiillj  shown  by  the  two 
parts  of  fig.  289,  from  Holler.  The  upper  shows  the  organ  at 
rest,  the  Yocal  cords,  ee,  being  relaxed,  while  in  the  lower,  these 
cords  are  shown  as  in  the  act  of  yibrating ;  the  small  air  pas- 
sage, 0,  opening  into  the  trachea  is  noTor  dosed.  When  soandi 
are  to  be  produced,  the  fissure  is  contracted  and  the  membnyMS 
receive  the  degree  of  tension  necessary  for  Tibratlon.  The  sound 
varies  according  to  the  tension  of  the  membranes,  the  magnitude 
of  the  fissure  and -the  form  and  magnitude  of  the  passages, 
through  which  the  air,  thus  put  in  vibration,  passes  befeve  it 
issues  into  the  atmosphere. 

478.  Range  of  tho  human  Toloe^ — ^In  speaking;,  the  range  of 
the  human  voice  is  subject  to  but  very  Uttle  variation,  being 
generally  limited  to  half  an  octave.  The  entire  range  of  voice  in 
an  individual  is  rarely  three  octaves,  but  the  male  and  female  Toioe 
taken  together  may  be  considered  as  reaching  to  four. 

Voices  are  vartooalf  denominated  aooording  to  the  extreme  Umiit  of 
their  register  proceeding  from  the  highest  to  the  lowest  in  the  scale,  as 
follows :  soprano,  contralto,  tenor  and  basso.  The  soprano  and  contmlto 
are  voices  ionnd  only,  (with  raie  exceptions,)  in  females  and  ebildien ; 
the  tenor  and  basso  are  men'a  voieea.  There  are  intermediate  cooiipli* 
cations  among  them,  the  mesKo-aoprano  intervening  between  the  ooo* 
tralto  and  soprano,  and  the  barytone  between  the  tenor  and  the  baaaoi 

Since  every  individnal  organ  difiers  from  another,  no  exact  limits  can 
be  aasigned  to  these  several  cUsses  of  organs  The  mean  limits,  bow- 
ever,  for  each  of  these  three  cUsses,  as  determined  from  the  experimcBts 
of  Caignard  de  la  Toar,  Savart,  and  othera,  is  as  follows,  the  noflsbna 
annexed  being  the  number  of  doable  vibrations  of  the  glottis  prodneed 
in  a  second  of  time. 

Soprano,  |  ^^^        Mezzo-Soprano,  |  ^        Contralto,     |  ^l^ 

Tenor,      j  ^^  Barytone.  j  ^^J        Baaso,  {^^ 


474,  Tentziloquism,  stuttering,  Ao, —  Ventriloqui$m  is  sup- 
posed by  many  investigators  to  consist  chiefly  in  the  use  of  in- 


473.  What  ia  the  range  of  the  voice  in  ppeakingt  What  is  the 
entire  range  of  the  male  and  fiimale  voices  T  How  are  voices  clafaificd  t 
Give  the  nomber  of  vibrationa  of  the  glottis  for  the  soprano,  tenor, 
tralto,  basso,  die. 
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spiratory  sounds ;  this  is  true  only  to  a  certain  extent  The  art 
of  the  yentriloquist  depends  greatly  on  the  correctness  of  ear  and 
flexibility  of  organ,  through  which  common  tones  are  modulated 
to  the  position  and  character  in  which  the  imaginary  person  is 
supposed  to  speak:  other  means  often  being  used  to  heighten 
the  deception,  as  concealing  the  &ce  that  the  play  of  organs  may 
not  be  observed ;  often  in  speaking  with  expiratory  notes,  the 
air  expelled  by  one  expiration  is  distributed  over  a  large  space 
of  time,  and  a  considerable  number  of  notes. 

In  9tuttering  the  several  organs  of  speech  do  not  play  in  their 
normal  succession,  and  thus  are  continually  interfered  with  in 
convulsive  impulses  and  inefficient  ac^ustments.  The  cause  of 
this  result  lies  almost  wholly  in  the  nervous  apparatus  which  rules 
over  the  organs  of  speech.  One  important  remedial  means  is  to 
study  carefully  the  articulation  of  the  difficult  letters,  and  to 
practice  their  pronunciation  repeatedly  and  slowly. 

In  deaf  and  dumb  penons  the  organs  of  speech  have  originally 
no  essential  defects.  The  true  cause  of  their  dumbness  lies  in 
their  inability  to  perceive  sound.  The  impossibility  of  appreci- 
ating the  several  sounds,  and  thus  gradually  acquiring  the  power 
of  properly  adjusting  the  organs  of  speech,  is  the  chief  reason 
why  the  second  infirmity  is  associated  with  the  first 

475.  Production  of  aounda  by  inferior  animals. — Mammlfer^, 

Voice  is  common  to  all  mammifers,  but  speech,  (the  articulation 

of  vocal  sounds,)  is  the  peculiar  privilege  of  man.     The  sounds 

which  the  different  animals  pnxluce  are  peculiar  to  the  class  to 

which  they  belong,  thus  the  horse  neighs,  the  dog  barks,  the  cat 

mews,  &c.     Those  various  modifications  depend  on  the  peculiar 

structure  of  the  larynx,  but  more  upon  tlie  form  and  dimensions 

of  the  nasal  and  other  cavities,  through  which  the  vibrating  air 
passes. 

The  cat  is  distinguished  from  other  mammifers  by  the  almost  equal 
development  of  the  inferior  and  superior  vocal  cord?.  Many  of  its  notes 
are  almost  human.  The  horse  and  ass  are  supplied  with  only  two  vocal 
cords. 

Animals  which  howl,  and  are  heard  at  great  distances,  have  generally 
large  laryngeal  ventricles. 


474.  What  is  said  of  ventriloquism  T  What  nie«n!«  are  used  to  heighten 
the  deception  t  What  is  aaid  of  stuttering  t  What  is  the  cause  of  ibis 
result  t  What  of  the  organs  of  speech  in  deaf  and  dumb  persons  V  475. 
What  is  said  of  the  sounds  produci-d  by  inferior  nnimolsF  Upon  what 
does  the  modification  of  these  founds  depend!  What  is  said  of  the  cat 
aod  hone  ?    What  of  howling  Qmma\a\ 
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476.  Birds  are  furnished  with  two  Urynx,  a  superior  and  in- 
ferior, which  serve  at  the  same  time  fi>r  the  entrance  and  exit  of 
air,  and  for  the  purposes  of  Tocalization.  The  upper  larynx, 
which  corresponds  to  the  Uurynx  in  mammifers,  can  only  he  re- 
garded as  an  accessory  of  the  voice.  The  lower  larynx  is  the  true 
larynx ;  it  is  placed  at  the  lower  part  of  the  trachea,  where  it 
branches.  Those  birds  in  which  it  is  absent  are  voiceless.  The 
voice  of  birds  is  produced  like  that  of  mammifers,  by  the  vibra- 
tion of  the  cords  of  the  glottis. 

477.  Insects  in  general,  produce  sounds  remarkable  for  their 
acuteness.  Their  sounds  are  produced  in  a  great  number  of 
ways,  some  effecting  it  by  percussion,  and  some  by  the  friction 
of  exterior  homy  orgpans  upon  each  other,  as,  for  example,  in  the 
grass-hopper.  In  others,  the  swiftly  recurring  beatings  of  the 
wings  produce  sounds,  as  with  the  musquito.  Many  insects  pro- 
duce sound  by  the  action  of  some  of  their  orguis  on  the  bodies 
around  them,  as,  for  example,  the  varioas  insects  which  gnaw 
wood. 


THE  BAB. 


478.  Auditory  apparatus  of  man. — In  the  ear,  impressions  are 
not  at  once  made  upon  the  sensory  nerve,  by  the  body  which  ori- 
ginates the  sensation,  but  th^  are  propagated  to  it,  through  a 
medium  capable  of  transmitting  them.  This  medium  is  the  at- 
mospheric air. 

The  organ  of  hearing  in  man  is  composed  of  three  parts  ;  the 
external  ear,  the  middle  ear,  or  tympanum,  and  the  internal  ear, 
or  labyrinth. 

479.  The  eztemal  ear  consists  of  (1)  the  pinna,  or  pavilion,  a, 
fig.  291,  which  collects  the  soniferous  rays,  and  directs  them 
into  (2)  the  auditory  canal,  or  meatus  auditorius,  b. 

The  peculiar  form  of  the  pinna,  with  its  numerous  elevatioDt 
and  depreMions,  has  not  as  yet  been  satisfMtorily  shown  to  be  re- 
lated to  the  principles  of  acoustics. 


476.  Wbfit  is  raid  ofvoiee  in  birds!  Whst  of  the  lower  larynx  t  What 
of  voicelesB  birds  V  477.  What  is  said  ef  the  sounds  produced  by  insectst 
How  sre  they  produced  V  478.  Whai  is  said  of  the  ear  t  Of  what  parts 
is  ihe  ear  composed  t  479.  Of  what  does  the  external  ear  consist  f 
What  is  said  of  the  pinna  f     What  of  the  tympanum  t 
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The  anditorf  cuul  proceods  inmrda  from  tha  ptntu,  to  the 
tympMiuni,  e;  it  is  ui  elliptical  tube,  about  an  inch  long.  Its 
Interior  is  protected  by  hairs,  and  by  a  waxy  secretion. 

4S0.  TbM  middl*  aar,  tympaiwim,  or  tympaalo  cartty^^— Hm 
391 


middle  car  is  a  cavity  in  the  petrous  bone,  and  is,  therefore,  sur- 
rounded by  walLi  of  bone,  (which  ha?e  been  removed  in  fig.  292, 
to  show  the  interior  construction.)  This  cavity,  which  is  filled 
with  air,  is  Konicwlmt  hemispherical  in  form  ;  it  measures  about 
half  an  inch  in  every  direction.  The  auditory  canal  is  directed 
into  tbiRcnvity,  but  is  separated  irom  it  by  a  tliin  oval  membrane, 
the  tympanic  membrane,  which  is  placed  obli<|ue1y  across  the  end 
of  the  canal,  and  at  an  angle  of  about  45° ;  its  outward  plan« 
looking  downwards. 

Into  tlic  tympanic  cavity  there  are  ten  openings.  1. — That  of 
the  auditory  canal ;  2, 3,  the  fenestra  ovalis,  acid  fencKlra  rotunda, 
6fi  called  from  their  form,  situated  opposite  the  auditory  canal, 
And  like  it,  over  both  are  stretched  thin  clastic  nembranes.  4. 
The  Eustachian  tube,  a  membranous  canal,  whicliextends  from  the 
anterior  of  the  tympanum  to  tlio  pharynx,  tuid  forms  part  of  the 
respiratory  passage  t>ehind  the  mouth ;  its  otlicc  in,  like  the  hole 

4S0.  What  ii  tlie  mi<Iiila  car!  Wbnl  is  iiaid  uf  llic  lympanLc 
m^mbraoeF  Wlial  ituid  of  l\ie  t>\>eQST>^'iu\uUi«>''jw(s.\\\e  c«iU^  t 
IVJtsl  is  MJd  of  tlie  chain  of  \>oi>e»1 


in  ■  kettle  drum,  to  presetre  a  permanent  equilibrium  between 

the  air  in  the  cavity,  292 

and  the  external  air. 

When    this    is    ob- 
structed, deolheBS  re- 

aults,  iKcausetlieait 

in  the  tympanum  is 

prerented    from  Ti- 

brating  freely,    6, — 

The    mastoid    cells.   | 

The  othtY  openings  I 

are  for  the  passage  of  * 

various    nerves  and 

muscles. 

The  tympannm  is  crossed  by  a  chain  of  bones,  three  in  namb«r, 
fig.  2113. 

Tbe  malleuB,  or  hammer  bone,  m,  the  ioena,  or  aiiTil,  a,  and  the 
(tape*,  or  atirrup,  t.     They  ar*  ionuect«d   with  each         293 
J>  allow  of  ili(!bt  movemeDta. 

TTiiacI: -       -     - 

Sg.  S91,  I 

nmnhrane,  ■ 

to  tlia  mambrane  of  th«  fcDtitrB  o' 

The  muscles  which  act  upon  these  small  bones  are  '«^ 

supposed  to  haTo  the  power  of  giving  more  or  less  *» 

tension  to  the  membranes  which  they  connect,  and  thus  rendering 
them  more  or  lexs  sensitive  to  sonorous  undulations. 

4€I.  Th*  Internal  ear,  called,  from  its  complicated  structure, 
the  labyrinth,  has  its  channels  curved  and  eicavated  in  the 
petrous  bone,  the  hardest  of  any  in  the  body.  The  labyrinth 
consists  of  three  parts;  the  vestibule,  the  semicircular  canals, 
nnd  the  cochlea. 

The  vestibule,  jr,  flg.  291,  is  a  central  chamber,  excavated  In 
the  petrous  bone ;  in  it  arc  a  nnmber  of  openings,  for  branches 
of  the  auditory  nerve,  small  arteries,  ic  In  its  external  wall, 
the  fenestra  ovalis  is  foun<L 

The  semicircular  canals  are  three  in  number,  opening  into  the 
vestibule  at  its  posterior  and  nppcr  part,  and  placed  in  planes  at 


n  lucn  a  manner  m  io  allow  ol  lUfm  mDvemeDia.      „ 

lain  of  bonee  ii  ■ttach«dHtoneeniI,  ai  is  ahovnin     (^  f^ 

1,  by  the  handle  of  the  malleus,  to  the  tjmpBnie*^fl  ^J 

•ane,  and  at  the  olher  by  the  foot  of  the  atirrup,       »  ', 
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lig^t  anglefl  to  each  other.    Within  these  canalt  are  pliced  flex- 
ible tubes,  of  the  same  form,  called  membranous  canals. 

The  cochlea,  i,  is  a  conical  tube,  wound  spirally,  making  two 
and  a  half  turns.  It  resembles  a  snaiFs  shell  in  appearance ; 
whence  its  name.  Its  interior  is  divided  by  a  spiral  lamina,  called 
the  lamina  spiimlis,  into  two  passages  which  communicate  by  a 
little  hole  in  the  upper  part  of  the  helix.  Between  the  membr»- 
nous  and  the  bony  Ubyrinths,  a  peculiar  liquid  (the  perilymph) 
intervenes,  which  also  fills  the  cavities  and  cochlea ;  the  mem- 
branous labyrinth  is  distended  by  another  liquid,  (the  endo- 
lymph.)  Within  the  labyrinth  thus  filled  with  liquid,  the  ter- 
minal filaments  of  the  auditory  nerve  are  placed. 

Fig.  292  is  a  magniftftd  view  of  the  labyrinth,  showing  the 
form  and  relation  of  the  vestibule,  semicircular  canals  and  cochlea, 
partly  laid  open,  so  as  to  display  their  interior  construction. 

482.  Oommon  theory  of  th*  fonotion  of  th*  andftory  paita. — 
The  explanation  usually  given  of  the  functions  of  the  various 
parts  of  the  ear,  is  as  follows.  The  waves  of  sound  passing  into 
the  external  car,  are  collected  and  directed  into  the  auditory 
canal,  and  strike  upon  the  tympanic  membrane,  which  is  thrown 
into  vibration.  The  chain  of  bones  connecting  the  tympanic 
membrane  with  the  oval  one,  participate  in  the  movement,  and 
convey  it  across  the  tympanic  cavity.  Under  the  impulses  thus 
communicated  to  it,  the  oval  membrane  vibrates,  and  likewise 
the  liquid  in  the  labyrinth,  and  so  the  filaments  of  the  auditory 
nerve  become  aflected,  and  the  sensation  of  sound  is  transmitted 
to  the  brain. 

This  explanation  is  exceedingly  imperfect,  as  it  assigns  no  use 
for  many  of  the  most  complicated  and  delicate  arrangements  of 
the  car,  and  gives  no  explanation  of  the  manner  in  which  this 
organ  presents  to  the  mind  the  various  relations  of  sound. 

483.  Function  of  the  drum,  cochlea,  and  canals. — As  has  been 
stated,  (443~IG,)  the  physical  peculiarities  existing  in  the  waves  of 
sound,  which  we  arc  able  to  perceive,  are  three ;  1st — The  in- 
tensity, namely,  the  loudness  or  feebleness  of  the  sound.  2d. — 
Its  note  or  pitch,  and  3d. — Its  timbre  or  quality. 

The  ear,  it  is  apparent,  isii  affected  by  each  of  these  peculiarities. 


What  are  the  semicircular  canals  ?  What  is  the  cochlea?  482. 
What  is  the  coiunion  theory  of  tiie  function  of  the  auditory  parts  f 
What  is  said  of  this  explanation  F  4b:i.  What  are  the  physical  pe- 
cuiJaritiet  of  souDd  f 
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and  couTeys  them  to  our  miad.  Dr.  Draper,  in  hie  Haman  Physiol- 
ogy, has  suggested  the  followiog  points,  which  may  or  may  not  he 
confirmed.  Ist — ^That  the  dram  is  for  the  measurement  of  intensity. 
2d. — ^The  cochlea  for  the  recognition  of  wave-length,  or  pitch  ;  and 
8d. — ^The  semicircular  canals  for  the  appreciation  of  quality. 

It  has  heen  proved  by  the  experiments  of  Sayart  and  MQller,  that 
when  the  tension  of  the  tympanio  membrane  is  increased,  the  sono- 
rous undulations  pass  with  less  readiness  Uirough  it  Under  natural 
circumstances,  this  is  accomplished  by  a  musele,  (the  tensor  tympani,) 
which  contracts  it  to  such  an  extent  as  to  bring  the  membrane  to  a 
standard  tension.  The  mind  judges  of  the  degree  of  force  neces- 
sary to  produce  this  result,  and  so  estimates  the  intensity  of  sound. 

The  first  third  of  the  spiral  lamina  contained  in  the  cochlea,  is 
bone,  the  intermediate  portion  is  membranous,  and  the  residual, 
muscular.  This  lamina  is  broadest  at  the  bony  part,  the  base,  and 
tapers  off  toward  the  apex,  reminding  one  of  the  structure  of  the 
harp,  or  the  gradually  shortening  strings  of  the  piano.  It  is  sup- 
posed that  each  external  musical  note  does  not  throw  the  lamina  of 
the  cochlea  into  vibration  throughout  its  whole  leng^,  but  eauses 
only  a  special  part  to  vibrate ;  thereby,  the  particular  nenre  fibril 
supplying  that  portion,  is  affected,  and  thus  a  distinct  sensation  Is 
communicated  to  the  brain,  corresponding  to  the  pitch  of  the  note. 

As  the  intensity  of  sounds  is  assumed  to  be  judged  of  by  the  tympa- 
num, and  their  pitch  by  the  cochlea,  there  is  a  strong  presumption  that 
the  semicircular  canals  have  the  function  of  distinguishing  their  qual- 
ity. So  little  is  known,  however,  of  the  mechanical  peculiarities  on 
which  distinctions  of  quality  in  sounds  depend,  that  we  cannot  trace 
out  the  form  of  the  organ  calculated  to  distinguish  them.  The  pre- 
sumption that  the  function  of  the  semicircular  canals  is  for  the  appre- 
ciation of  qnality,  is  strengthened  by  facts  drawn  from  comparative 
physiology.    Let  us  therefore  examine  the^ 

484.  Organs  of  hearing  in  the  lower  ewimals* — ^The  zoophytes 
appear  to  be  wanting  in  the  sense  of  hearing,  and  no  special  au- 
ditory apparatus  has  been  discovered  in  insects,  although  they 
do  not  appear  to  be  altogether  insensible  to  sound.  In  the  mol- 
lusca,  the  organ  is  a  sack,  filled  with  the  liquid,  in  which  the  last 
fibrils  of  the  acoustic  nerve  are  diffused,  or  a  nerve  fibril,  in 
connection  with  a  little  stony  body,  (an  otolitli,)  included  in  a  sack 

What  office  does  Dr.  Draper  assign  to  each  part  of  the  ear  t  How 
is  the  tension  of  the  tympanic  membrane  increased  I  What  is  said 
of  the  vibration  of  the  laminae  of  the  cochlea  by  musical  notes  t 
484.  W  hat  is  said  of  the  zoophytes  f  What  of  the  mollusca  T  What 
of  lizards  T 
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of  water.  These  animals  can  only  distinguish  one  noise  from 
another,  or  their  quality,  and  that  imperfectly,  and  have  no  percep- 
tion of  musical  notes.  This  organ,  corresponding,  as  is  assumed, 
to  the  semicircular  canals,  increases  in  complexity  as  we  rise  in  the 
scale  of  heing.  In  lizards  and  scaly  serpents,  the  ear  commences 
with  the  tympanic  membrane ;  and  there  is  added  a  conical  coch- 
lea. As  we  pass  through  them,  the  plan  is  further  developed ;  the 
tympanic  cavity.  Eustachian  tube,  the  chain  of  bones,  Ac,  ap- 
pear. In  birds  there  is  a  continued  improvement,  and  all  the 
serial  tubes  of  mammals  have  external  ears,  while  a  full  develop- 
ment of  all  the  auditory  parts  is  reached  only  in  man. 

PHYSICS  OF  IMPONDERABLE  AGENTS. 

485.  We  have  been  occupied,  hitherto,  with  the  consideration 
of  those  topics  connected  with  the  forces  of  attraction  and  re- 
pulsion, as  manifested  in  the  form  and  other  sensible  properties 
of  matter,  at  rest,  or  in  motion.  These  forces  have  been  already 
defined,  (29  and  80,)  and  limited.  It  now  remains  to  consider 
certain  other jrcmarkablc  forces  called  heat,  ligut,  and  electki- 
ciTT,  and  commonly  styled  the  imponderable  agents,  because 
the  presence  or  absence  of  their  manifestations  causes  no  sensible 
difference  in  the  weight  of  matter  containing  them. 

HEAT. 
1. — General  Remarl's. 

486.  What  is  heat  ? — Heat  is  the  agent  whose  presence  or  ab- 
sence awakens  in  us  the  sensation  of  warmth  or  coldness. 

The  three  physical  states  of  matter,  namely,  the  solid,  liquid, 
and  gaseous,  (:^8,)  are  due  to  this  agent  Like  all  other  physical 
agents,  it  is  manifested  and  measured  by  its  effects  upon  matter. 
While  we  call  it  an  imponderable  agent,  it  is,  so  far  as  we  know, 
inseparably  connected  with'chjuiges  in  the  physical  and  chemical 
condition  of  matter.     Heat  is  properly  a  si)ecios  of  motioa  '"i/   4  :  v6v^  / 

487.  Definition  of  terms.— 1st. — Jirpanttion,  the   most  con-         ^ 
spicuous  effect  of  heat  upon  a  bod}-,  whether  solid,  liuid,  or  gas- 


What  is  said  of  hinl*,  Ac.  f     485.   Wlmt  suljects  Imve  Loon  hith- 
erto discussed  f     AVhat  forces  now  reinaiii  to  Ik*  coi.siilereii  f      -iStj. 
What  is  heat  t     What  dep^iuls  on  it  (     How  i»  it  iManifeAted  ?    AVitli 
what  is  heat  connected  «     \V\\a\  \ua\  W  X^vj  • 
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eons,  is  seen  in  the  increase  of  all  the  dimensions  of  the  thing 
heated.  2d. — Contraetiofiy  the  opposite  effect  to  expansion,  re- 
sults from  the  loss  of  heat  Bj  the  use  of  these  changes  of  di- 
mensions, heat  is  measured.  8d. — Liqtt^iictian  and  vaporiBo- 
tioriy  are  changes  of  physical  condition,  due  to  the  sucoeBsiye 
additions  of  heat  to  matter ;  the  subsequent  withdrawal  of  which 
heat  produces.  4th. — Condentatum^  or  lique&ction,  and  e4mg&- 
lation^  or  solidification.  6th. — Sentible  heat  is  that  temperature 
whose  presence  or  absence  is  marked  by  the  senses,  or  by  the 
thermometer,  and,  6th. — Latent,  or  concealed  heat  is  that  which 
is  so  combined  with  the  matter  containing  it^  as  to  give  no  sen- 
sible evidence  of  its  presence.  7th. — Specific  heat  is  the  amount 
of  heat  needed  to  raise  any  given  body  to  a  fixed  standard  tem- 
perature, which  amount  is  found  to  be  very  various  for  different 
substances. 

488.  Nature  of  heat — ^Various  opinions  have  been  entertained 
as  to  the  nature  of  heat,  only  two  of  which  now  merit  attention. 
These  are  the  eorpiucular  theory,  or  theory  ofemiuion^  and  the 
undulatary  theory. 

According  to  the  corpuscular  theory,  heat  ii  attributed  to  a  pe- 
culiar imponderable  fluid,  existing  in  all  bodies  in  combination  with 
their  atoms.  The  particles  of  this  supposed  fluid  are  self-repellanft, 
and  thus  the  atoms  of  bodies  are  prevented  from  coming  in  absolute 
contact  with  each  other.  This  fluid  is  thrown  off  from  all  hot  bodiea 
with  inconceivable  velocity,  and  upon  its  absorption  by  other  bodiea 
the  effects  of  heat  are  manifested. 

In  the  undulatory  theory,  Iieat  is  considered  to  be  due  to  the  vi- 
bratory movements  of  the  molecules  of  a  hot  body,  oommunieated 
to  those  of  other  bodies,  by  means  of  a  highly  elastic  fluid  called 
tther.  Til  is  ether  pervades  all  space,  and  in  it  the  undulations  of 
heat,  (and  of  light  also,)  are  propagated  with  inconceivable  rapidity, 
in  a  manner  analogous  to  the  slower  progress  of  sonorous  waves  in 
air,  as  already  explained  (412.)  If  these  undulations  are  commiini« 
catcd  to  a  cold*body,  they  render  it  warmer. 

The  undulatory  theory  is  now  generally  adopted  by  physicists, 
and  explains,  satisfactorily,  most  of  the  phenomena  of  heat 
48U.  Heat  is  imponderable* — A  great  number  of  experiments 
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htt^e  been  mede  to  ■soertoin  whether  heat  increeses  the  weight 
of  bodies.  The  result  arriTed  at  is,  that  a  body  weighs  exactly 
the  same  when  hot  as  when  cold.  Ileat  is  therefore  called  an 
imponderable  n.gmiy  being,  as  before  stated,  only  an  attribute  of 
nutter  in  a  certain,  state  or  condition. 

490l  H/elatfons  of  heat  and  oold. — Our  sensations  give  us  but 
littte  eridence  respecting  actual  changes  of  temperature.  Hot 
and  cold  are  only  relatiye  terms.  A  body  will  feel  hot  or  cold, 
■coording  to  the  temperature  of  the  part  to  which  it  is  applied, 
and  slight  diflbrences  of  temperature  are  inappreciable  to  our 


It  we  place  one  hand  in  hot  and  the  other  in  eold  water,  and  then 
laddenly  transfer  both  to  water  having  an  intermediate  temperature, 
oar  sensations  are  at  once  reversed ;  one  hand  will  feel  wann,  and 
the  other  eold,  althoogh  both  are  exposed  to  the  same  temperaturei 

A  deep  eave,  or  a  common  cellar  have  nearly  the  same  temperatnrie 
at  all  seasons  of  the  year,  yet  if  one  enters  them  on  a  warm  day,  they 
will  lisel  cool,  while  on  a  firosty  day  the  reverse  is  felt. 

Heat  and  cold  arc  merely  relative  terms ;  cold  implying  not  a 
quality  antagonistic  to  heat,  but  merely  the  absence  of  beat  in  a 
greater  or  less  degree.  There  arc  no  bodies  so  cold,  that  they 
will  not  be  warm  to  bodies  colder  than  themselves ;  and  an  ab- 
solute zero,  or  negation  of  heat,  is  impossible. 

491.  Sources  of  heat — The  sources  of  heat  may  be  classified 
as  follows : 

1st — Mechanical. — Every  arrest  of  motion  produces  heat. 
The  blows  of  a  hammer  actively  applied,  will  heat  a  small  bar  of 
iron  to  redness.  The  friction  of  the  flint  ignites  the  small  chips 
of  steel  torn  off  by  the  blow.  Savages  kindle  fires  by  the  fric- 
tion of  two  dry  boughs ;  and  boys  know  how  to  heat  a  button 
by  rubbing  it  on  a  board.  Water  may  be  l>oiled  by  simple  beat- 
ing, and  Rumford  (in  1805)  boiled  water  by  the  friction  from 
boring  a  cannon.  The  mechanical  equivalent  of  heat  will  be, 
hereafter,  more  fully  considered.  No  necessary  change  of  chem- 
ical condition  accompanies  mechanical  heat. 

2d. — Physical. — The  sun  is  the  great  source  of  heat  for  our 
earth ;  and  the  fixed  stars,  {9uns  of  other  system*,)  probably 
yield  to  space  an  equal  amount  of  heat     Our  earth,  in  past  ages, 

490.  What  is  said  of  the  evidence  of  our  senses  reipectiug  heat  f 
Illustrate  thia  491.  What  are  the  sources  of  heat  f  Describe,  1st, 
the  meehsnieal  causes  of  heat 
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has  radiated  into  space  a  large  amount  of  heat  for  which  no 
equivalent  has  heen  returned.  This  loss,  (called  secular  refirig;e- 
ration,)  is  now  arrested,  almost  entirely,  by  the  non-conducting 
nature  of  the  earth^s  crust,  confining  the  central  heat  But  we 
have  abundant  evidence  of  a  progressive  increase  of  temperature 
toward  the  earth's  centre,  in  deep  mines  and  artesian  boringp. 
(251.)  Atmospheric  electricity  is  also  a  source  of  heat,  as  is  ev- 
ident from  the  effects  of  a  powerful  flash  of  lightning. 

Sd. — Chemical — Heat  is  always  evolved  in  chemical  combina- 
tion, as  all  common  cases  of  combustion  testify,  and  is  limited  to 
the  quantities  of  matter  whose  condition  is  thus  changed. 

4tb. — Physiological — ^This  source  of  heat  is  essentially  chem- 
ical action,  being  combustion  taking  place  under  the  influence 
of  vitality.  The  temperature  of  living  beings  is,  generaUy,  greater 
than  that  of  the  medium  in  which  they  live. 

These  different  sources  of  heat  may  be  considered  more  at 
length  hereafter. 

2. — Measurement  of  temperature. 

492.  Thermometenu — All  bodies  expand  when  heated,  and  al- 
most universally  return  to  their  original  dimensions  on  cooling ; 
the  measured  amount  of  this  expansion  is  generaUy  employed 
as  a  measure  of  the  temperature. 

The  ordinary  tliermometer  consists,  essentially,  of  a  glass  tube 
with  a  small  bore,  having  a  bulb  blown  on  one  end.  This  bulb,  or 
reservoir,  and  a  part  of  the  tnbe,  is  filled  with  a  liquid,  usually  mer- 
cury, (sometimes  for  low  temperatures  spirits  of  wine,)  which  ex- 
pands and  rises  in  the  tube  by  heat,  and  contracts  and  falls  in  the 
tube  by  cold.  A  scale  of  equal  divisions,  marked  upon  the  tube, 
enables  the  amount  of  the  expansion  or  contraction  to  be  determined. 

403.  What  the  thermometer  indloatee, — ^The  thermometer  in- 
dicates only  the  sensible  heat  or  temperature,  and  not  the  actual 
quantity  of  heat  in  a  given  case. 

Two  vessels  filled  with  water  from  the  same  source,  will  raise  the 
thermometer  to  the  same  degree,  though  one  may  hold  a  pint  and 
tlio  other  a  gallon  ;  while  it  is  evident  that  the  larger  bulk  of  liquid 
contains  the  greater  aggregate  amount  of  heat     Again,  if  two  equal 

2d,  the  physical ;  3d,  the  chemical ;  4th,  the  physiological  49S. 
How  is  heat  measured  t  Describe  the  ordinary  thermometer.  4AV 
What  does  the  thermometer  show  \    UVxuVxiX^ ^^i^a« 
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xmoli  art  filled  with  irater,  one  at  a  temperature  of  100*,  and  the 
other  at  a  temperature  of  200^,  it  would  be  a  mistake  to  euppoee 
that  the  latter  contained  twice  as  much  beat  as  the  former,  for  the 
■ero  of  the  thermometer  it  an  arbitrary  pointy  and  does  not  indicate 
the  entire  absence  of  heat 

494.  Themiometar  tabea. — ^The  tube  of  which  a  thermometer 
Is  to  be  made,  should  be  one  whoee  bore,  throughout  Is  of  the 
Mune  calibre,  so  that  equal  dimensions  upon  it,  wfU  indicmte 
equal  expansions  of  the  mercury  contained  in  the  bulb.  The 
equality  of  the  bore  is  ascertained  by  causing  a  short  cylinder  of 
mercury,  (say  one  inch,)  to  pass  firom  end  to  end  of  the  tube, 
and  if  it  measures  an  equal  length  throughout,  then  the  calibre  is 
equal;  otherwise  the  tube  is  rejected.  A  proper  tube  having 
been  selected,  a  bulb  (cylindrical  or  sphericiJ)  is  blown  upon  it, 

by  the  ordinary  process  of  glass  blowing. 
A  cylindrical  bulb  will  be  more  readily 
affected  by  the  temperature  of  the  sur- 
rounding medium  than  a  spherical  one, 
because  it  exposes  a  larger  surface. 

495.  Filling  of  thermometer  tubes. — 
To  fill  a  thermometer  tube  with  mer- 
cury, (which  should  be  perfectly  pure,) 
a  portion  is  placed  in  the  reservoir,  (7, 
fig.  294,  and  heat  applied  at  the  other 
extremity  by  a  lamp. 

As  the  air  in  the  bulb,  Z>,  expands,  a  por- 
tion of  it  escapes  through  the  mercury.  If 
the  tube  is  now  cooled,  the  pressure  of  the 
external  atmosphere  will  force  the  mercu  ry 
into  the  bulb,  D,  partially  filling  it  Then 
upon  boiling  the  mercury  in  the  bulb,  as 
shown  in  the  figure,  the  mercurial  vapor 
gradually  expels  the  remaining  air  and 
moisture.  Upon  cooling  again,  the  mercu  - 
ry,  under  atmospheric  procure,  descends, 
and  completely  fills  the  bulb  and  stem.  The 
reservoir,  C,  is  then  drawn  out  to  a  nar- 
row neck,  and  broken  off,  prefiarntory  to  sealing  the  tube.     If  the 

494.  What  is  requisite  in  thermometer  tubes  f  How  is  a  proper 
tube  selected  I  496.  Uow  is  a  thermometer  tube  filled  with  mer- 
e«ry  f  How  is  all  the  air  and  moisture  expelled  from  the  tube  f 
Bow  if  it  prepared  for  graduation  ) 
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r  of  glaH,  a  niaoal  of  popw  sdapted  to  its 
a[^«r  end,  will  wrre  the  Hme  parpoafc  A  grtattr  or  1m»  portion  of 
th«  msrearj  ramaining  io  th«  lUm,  mnat  now  b*  remoTed,  kccordii^ 
M  th*  tharn)Ointt«r  i*  iotandod  to  indioato  higher  or  lover  temper 
alum.  Thii  ii  aeoompliBhed  bj  gently  heating  the  bnlb,  whioh 
eauM*  Iha  mereary  to  orerflow  the  tnba.  When  aboat  twu-thirdi 
of  the  mfreurjr  Mnl«ined  in  the  item  baa  been  driven  out,  aod  while 
the  beat  ii  oontianad  In  the  bnlb.  the  flame  of  a  blow-pipe  it  direetad 
upon  the  end  of  theatem,  the  glaaa  melta,  and  the  tabe  beeomea  har- 


496.  Standard  polnti  In  tha  UMraooaMtair. — Aa  TKiationa  In 
llie  height  of  the  mercurwl  column  id  the  thermometer  will  de- 
pend upon  the  changes  of  temperature  to  which  it  ia  Bubject«i], 
it  ia  therefore  necesiiary  to  graduate  the  inatrument,  or  conatruct 
a  scale,  whereby  these  variatioDB  may  be  indicated,  and  oae  ther- 
mometer compared  with  another.  If  there  eziated  a  natural 
aero,  or  abeolut«  limit  to  temperatuia,  the  thennometric  acale 
might  be  numbered  upwards  from  it  But  then  ia  no  natural 
aero,   and  therefore  the  thermometric  3B0 

acale  must  bearbitniry,  although  baaed 
up<Mi  certain  weU-determined  phyaical 
beta.  Experiment  has  determined  that 
the  melting  point  of  ice,  and  the  boQ* 
ing  point  of  pure  water,  under  certain 
given  conditlfflis,  are  always  the  same, 
and  these  points,  (called,  reapectiTely, 
the  freeiiag  and  boiling  poiots,)  have 
been  adopted  in  all  conntriea  as  the  two 
temperatures,  with  reference  to  which 
thermometric  acalea  are  constructed. 

4S7.    FlxtncoftlMfrMKiiigBndbaa. 
Inf  polnla. — Frffinff  point. — To  fix 
the  tk«eiing  point  in  a  theiaomet« 
tin  Teasel,  like  flg.  2911,  b  filled  with  i 
pounded  ice  or  snow  ;  a  hole  in  the  bot-  \ 
torn  of  the  vessel,  allows  the  water  frun 
the  melted  ice  to  escape     Into  this  veasd  the  bulb  of  the  thi^ 
roometer  is  thrust,  with  part  of  the  stem. 

When  the  meraurial  oolumn  become*  etationary,  that  i>.  when  the 

4M.  How  ia  a  aaale  or  atandard  of  maanremeat  obtained  for 


cradnating  tbannometan  t    What  two  flaod  points 
Is  there  a  natural  lero  I    iM.  How  ta  <ha  fcwAm  •^ 


nMKDrjr  eontainad  in  the  bulb  hu  XUined  the  temparatiire  of  the 
melting  ice,  the  lerel  of  the  mereary  ig  marked  with  a  diamond 
point,  upon  the  glaM,  or  with  a  pencil  upon  a  paper  prerionily  at- 
tached to  the  lube  ;  thia  mark*  the  freeiing  point  of  the  thermometer, 
Soiling  poinL—Bj  rneani  of  the  apparntoi,  fig.  2B«,  designed  by 
Renault,  the  boiling  point  maj 
be  accnratel;  fixed.  It  is  a  «j- 
liadrieal  Teeeel  of  metal,  m, 
oloud  at  the  top ;  thrangh  the 
cover  a  hole  ie  pieroed,  orer 
vhich  the  tube,  A,  ia  plaoad, 
open  at  both  end*.  Another 
tube,  B,  Burronnds  A,  and  ia  it 
there  are  three  apertnrea,  a,  for 
the  iniertion  of  (he  thennome- 
ter,  E,  for  ■  U  shaped  glau 
tube,  m,  containing  mercuiy, 
acting  as  a  manometer,  to  iodi- 
e«t«  the  preesure  or  teciion  of 
the  Tapor  within  the  appara- 
nnd,  P,  for  the  eaeape  of 
steam  and  condensed  water, 
veuel.  M.  partially  filled 
g  with  water,  is  heated  to  ebulli. 
.ion  by  tlie  furnace.  C.  Tba 
cei,  moves  in  the  direction  indicated  by  the  ar- 
)it|:b  llie  lube  A,  and  downwards  through  the 
)  Bnler,  through  the  epouti?.  The  thermometer, 
?at«d  to  tlia  temperature  of  the  stram,  that  ii,  to 
the  temjioi'Hiure  of  Ijciling  water.  When  the  mercurial  column  be- 
comes stiilionaiy,  a  murk  ia  mode  at  the  level  of  the  mcruury,  whivh 
iodicntts,  thcrofare,  the  boiling  point. 

41)8.  Different  thermom«tiic  acaleiL— Having  fixed  the  utandaril 
points  in  a  tlii'rmom(.tcr,  tlic  space  bctwireii  thciii  is  next  to  be 
subdivided  into  a  certain  number  of  cqtml  partii,  called  degrees. 
Unfortunately,  in  (lifTiTciit  countries,  the  interval  between  the 
two  point.-i  has  liccn  diftiTeiitly  subclivided. 

Fahrfnhiit'r  tealf, — t'uhi'cnheit,  of  llunlzic.  in  171i,  intro- 
duceil  a  tlierniotnclric  scale,  which  ii  generally  URcd  in  this 
country,  Kngland,  and  Holland     In  the  Fahrenheit  scale,  the  in- 


How  the  boiling  point !  Desi'ribc  the  np]<arutn<.  fin.  •2VA.  496. 
What  thermometer  scales  aro  in  am  I  O^.-h-I'iIiu  the  i''Blirvriiieit  Kale, 
IJow  did  Fahrenheit  fii  iiis  wrcil  Why  did  he  divide  tiie  spaea 
betweta  coro  and  frecung  into  'i-ir  t 
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terval  between  the  boiling  and  freezing  points,  is  divided  into 
180  equal  parts,  which  are  called  degrees.  The  zero,  or  0**,  of 
this  scale,  is  82  of  these  degrees  below  the  freezing  point 

Fahrenheit  adopted  as  the  zero  of  his  thermometer,  tlie  tempera- 
tare  which  had  been  observed  at  Dantdo  in  1709,  and  which  he 
found  he  could  always  re-produce,  by  using  a  mixture  of  ice  and 
salt  At  that  temperature  he  computed  that  his  instrument  con- 
tained ll'J24/equal  parts  of  mercury,  which,  when  plunged  into 
melting  snow,  were  increased  to  11*166  parts.  Hence  the  space  in* 
eluded  between  these  two  points,  (viz.,  11*156 — 11*124  =  32^)  was  di- 
vided into  32  equal  parts,  and  32^  indicates,  therefore,  the  freezing 
point  of  water.  When  the  thermometer  was  plunged  into  hoiling 
water,  Fahrenheit  estimated  that  the  mercury  was  expanded  to 
11*336  parts,  and  therefore  212"  (11*836  —  11*124=  212.)  was 
marked  as  the  boiling  point  of  that  fluid.  In  practice,  Fahrenheit 
determined  the  boiling  point  of  water,  and  the  melting  point  of  ice, 
and  then  graduated  the  tube  by  equal  divisions  to  his  zero.  To  Fah- 
renheit belongs  the  merit  of  Ibaving  introduced  the  use  of  mercury 
in  thermometers,  which  had  previously  been  made  only  with  alcohol, 
water,  or  air. 

CentigrcuU  scale. — In  the  year  1742,  the  Swedish  philosopher 
C.QJi^us,  professor  at  Upsal,  introduced  the  centigrade  scale. 
(Centigrade,  means  "  lOO  degrees.")  It  is  in  general  use  for  scien- 
tific purposes,  and  is  adopted  universally  in  France,  and  in  the 
north  and  middle  of  Europe.  The  interval  between  the  freezing 
and  boiling  points  in  this  scale,  is  divided  into  100  equal  parts 
or  degrees  ;  the  degrees  being  counted  upwards  and  downwards, 
from  the  freezing  point  of  water,  which  is  zero.  The  tempera- 
tures below  zero  in  this;  as  in  all  thermometers,  arc  indicated  by 
the  negative  algebraic  sign  — ;  those  above,  by  the  positive  al- 
gebraic sign  -f  ;  thus  —  20°,  signifies  20  degrees  below  zerO| 
but  -f  20",  signifies  20  degrees  above  zero. 

Renximtrn  irr/j7«.-— Reaumer,  a  French  philosopher,  introduced 
his  scale  in  17*H.  Ilis  proposal  was  to  use  spirits  of  wine,  of 
such  a  strength,  that  between  the  two  standard  points,  1,000 
parts  should  become  1,080.  lie  divided  the  intervals  between 
these  points  into  80  equal  parts ;  the  zero  being  placed  at  the 
freezing  point  of  water.  Reaumer^s  thermometer  was  the  only 
one  used  in  France  before  the  great  revolution  (1789) ;  it  is  still 
best  known  in  Spain,  and  in  some  of  the  other  European  states. 

Why  did  he  make  boiling  water  212**  t     Who  was  Celsius  t    Whr 
18  his  scale  called  centigrade  f    Describe  it.     What  was  ^'^%.>axsMK%i 
scale  founded  on  \    How  did  ha  divida  vVA 
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499.  CtoinnBKilonof  tli#diffar«itth«iiiiomMarMdM 
ottMr* — The  scale  employed  in  a  thermometer  is  indicited  either 
by  the  nsmei  or  by  one  of  the  initial  letters,  F.  G.  R.  The  de- 
grees of  one  scale  may  be  converted  into  those  of  the  others,  by 
Teij  simple  calculations.  Between  the  standard  points  in  the 
Fiihrenheit's  thermometer,  there  are  160**;  in  the  Centigrade 
100*;  and  in  theReaumer,  80';  so  that  V  F  sz  f  C  =  ^'^  K 

Am  the  Tslae  of  a  degree  in  Fahrenheit's  thermometer  (496)  if  greater 

•liy  9S  than  the  number  of  diTisionB  from  the  freezing  pointy  S2  mmt 

always  be  snbtraeted  before  the  +  degrees  of  Fahrenheit  are  eon- 

TerCed  into  those  of  the  other  scales,  and  added  «pon  the  eonrenion 

of  other  degrees  into  Fshrenbeit 

Hie  following  rules  will  be  found  nseftil  for  the  eonyAiioa  of  the 
diffawnt  thermometric  degrees  into  each  other. 

7b  convert  the  degreee  qf  Fahrenheit  into  thoee  qf  Bsaumer. 
Multiply  the  number  qf  degrees^  leu  82,  5y  4^  and  divide  hy  9. 

Sxample :  What  is  149^  F.  equiyalent  to  in  Reanmei^s  seale  f  (149 — 
82  s  )  117  X  4  =  468,  and  468  -l-  9  =  52**  R. 

To  convert  the  degrees  of  Reaumer  into  Fahrenheit^  multiply 
the  number  of  degrees  by  9,  divide  by  4^  and  add  82. 

Example:  What  is86''  R.  equivalent  to  in  Fahrenheit's  scale  f  (86 
X  9  =)  824  -4-  4  =  81,  and  81  +  82  =  113'  F. 

To  convert  the  degrees  of  Fahrenheit  into  their  Centigrade 
equivalent.  Multiply  the  number  of  degrees^  less  82,  by  6;  and 
divide  by  9. 

Thus,  212*"  F.  is  equivalent  to  l.OO**  C,  for  (212  —  82  =)  180  X 
8  =  900,  aod  900  -»-  9  =  100. 

To  convert  Centigrade  degrees  into  those  of  Fahrenheit^  mul- 
tiply by  9,  divide  by  5,  and  add  32. 

Example :  What  is  50°  0.  equivalent  to  in  Fahrenheit's  scale  f  (60 
X  9  =)  460  -4-  6  =  90,  and  90  x  82  =  122"  F.  •• 

800.  Oraduation  of  thermometen. — Tliermometers  with  reg- 
ular bore. — If  the  bore  of  the  thermometer  is  regular,  it  is  only 
necessary  to  divide  the  space  between  the  boiling  and  fireesing 
points  into  a  certain  number  of  equal  parts,  according  to  the 


499.  How  are  these  different  scales  distinguished  T    How  are  they 
eaaaested  with  eaeh  oUier  I    Give  the  rules  and  examples  ia  the 
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Uwrmometiic  scale  adopted,  ISO  for  F ;  100  parts  for  0 ;  and  80 
for  R.,  continuing  the  equal  divifioiia  above  and  below  Qie  stand- 
ard points,  as  far  as  may  be  deeired. 

Thtrmometeri  tcith  vrregular  bore. — In  order  to  graduate  a 
thennonieter  whose  bore  is  irre^lar,  it  ia  first  divided  into  parts 
of  equal  capacity  in  the  manner  already  indicated. 

Snppocing  the  Dumber  of  ibcM  parta  between  the  297 

freeiing  and  ths  boiling  pointj  wu  Ifl,  eaeh  diTii 
would  aniwer,  if  k  Fahrrnhait  thenDometer  wu  bi 
Qonetracted,  to  ll'°!6  (ISO  -^  16  =  I1-2G.)     It  ii 
■nmed  Uiat  each  of  thaM  diritioDi  ii  regular  tbrongb- 
oot  ill  length ;  it  muit  be  nearly  h>i  and  it  may,  there- 
fore, be  aiib-dJTidcd  into  any  oonvMiient  nomber  of 
eqnul  parts;   11  for  example.     In  thii  caae  the  value 
of  each  (ubdiiiiion  would  be  1°-  ViH,  (11-2G  -t-  11 
=  I'OS27  -f  J    The  scale  may  be  extended  abora  and 
below  the  itandard    points,   by    purening  a  ilmilar 

601.  Koimtlng  tharmoiBataTa. — In  ordinal;  in- 
strumctitfi,  the  thermometer  is  supported  by  a  braat 
plate,  incloaed  in  a  metallic  case,  open  in  front 
On  the  plate  the  degrees  are  marked.  Often  the 
temperatures  of  rummer  heat,  blacd  heat,  tady«ver 
hfnt,  are  indicated  by  these  worda,  placed  opposite 
the  points,  liB°,  98°,  106°.  A  wooden  fivne  often 
incloses  and  supports  the  thermometer,  and  the 
scale  is  marked  directly  upon  the  wood,  or  upon  a 
metal,  ivory,  or  porcelainatrip  attached  to  the  wood 
at  the  side  or  the  thermometer,  as  in  fig.  897. 

Other  thermometen  have  their  graduated  wooden 
support,  diviilfd  near  the  lower  end  into  two  parti, 
connecteil  together  by  a  hinge,  so  that  the  lower  part    I 
may  be  turned  back,  and  the  bulb  thrust  into  any 
liquid  whoaa  tnmporatnre  it  u  desired  to  aMertal 

Some  thermometen  have  their  item  very  small,  and 
eomplelely  surrounded  by  a  larger  tuba  ;  the  eeale, 
being  marked  open  a  porcelain  strip,  or  a  roll  of  paper, 
innerled  between  the  two  tabes. 

In  very  aecarate  tbermiuneler*,  (be  seole  la  marked  npon  the  tube 

no.  How  ara  themomoten  gradoatadl  H««  If  tba  bore  b  ir^ 
regular!  601.  How  are  tbarMDaUn  mouMl  Haw  ara  th<^ 
£ti*d  for  bot  or  acid  fluids  t    Httw  era  Tet;  aeeuMla  tbenseaatan 


81S  BEAT. 

itMiHf,  (by  means  of  hydrofluoric  acid,)  as  in  fig.  iM.  This  form 
presents  adTantages  over  all  others,  as  the  scale  cannot  becoma 
displaced,  and  its  length  remains  constant,  while  in  other  thermom- 
eters, and  especially  those  with  metallic  scales,  the  unequal  expan- 
sioDB  and  contractions  of  the  glass  and  metal,  are  a  source  of  error. 
At  the  top  is  a  small  reservoir,  a,  to  allow  space  for  the  mercury,  in 
case  of  any  unusual  expansion,  which  might  otherwise  burst  the  glass. 

503.  Diaplaoement  of  the  s«ro  point. — If  a  thermometer  which 
S88  bas  been  made  some  time  is  thrust  into  melting  ioe,  the 
column  of  mercury  will  not  sink  to  the  original  freesing 
point,  but  will  remain  at  a  distance  above  it,  sometimes  as 
much  as  two  or  three  degrees,  and  even  more.  M.  Legrand 
has  found  that  the  cause  of  this  change  is,  that  the  capacity 
of  the  reservoir  is  enlarged  at  a  high  temperature,  (as  during 
the  construction  of  the  thermometer,)  and  that  it  does  not 
return  to  its  oricpnal  dimensions  until  after  a  long  time, 
sometimes  not  until  after  two  or  three  years. 

Before  making  important  observations  therefore,  thermom- 
eters should  be  examined  as  to  the  position  of  their  freezing 
point.  M.  Rcgnault  has  found  that  thermometers  made  of 
different  kinds  of  glass,  which  agree  at  the  freezing  and 
boiling  points,  may  vary  at  intermediate  temperatures  a 
number  of  degrees,  owing  to  the  different  expansions  of  the 
sort  of  glass  of  which  they  are  composed. 

503.  Tests  of  a  good  thermometer. — In  order  to  ascertain 
whether  a  thermometer  is  correct  or  not,  it  is  first  plunged 
into  melting  ice,  and  then  into  boiling  water;  the  lerel 
of  tlie  mercury  should  indicate  upon  the  scale  exactly  82*, 
and  212^  F.  When  inverted,  the  mercur}-  should  full  with 
a  sudden  click,  and  fill  tlie  tube,  thus  showing  the  perfect 
exclusion  of  air. 

To  determine  whether  the  value  of  the  degrees  is  uniform, 
a  slight  jerk  i»  given  to  the  thermometer,  by  which  a  little  cyl- 
inder  of  mercury  is  detached  from  the  column.  On  moving 
the  little  column  through  the  tube,  it  should  occupy  equal 
spaces  in  all  parts,  if  the  bore  is  perfectly  accurate,  and  the 
scale  is  properly  graduated. 


Wliat  advantages  has  this  form  t  502.  IIow  is  an  error  in  the  zero 
point  likely  to  hap|)en  ?  What  precaution  is  suggested!  5<»3.  What 
are  the  tests  of  a  good  thenuometer  f 
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504.  SeniiMUty  of  thmnoawtank— The  sensibility  of  a  ther- 
mometer is  of  two  kinds ;  it  may  indicate  yery  small  differences, 
or  it  may  be  very  sensitive  to  changes  of  temperature. 

If  the  capacity  of  the  reservoir  is  large,  compared  with  th  e  bore  of 
tlie  tube,  a  slight  change  of  temperature  will  affect,  considerably, 
the  height  of  the  mercurial  column.  If  the  capacity  of  the  rcseryoir 
is  Mnall,  the  mercury  contained  in  it  will  be  more  rupidly  affected 
by  such  changes,  than  if  a  larger  amount  were  to  be  acted  upon.  A 
cylindrical  reservoir  is,  therefore,  better  than  a  spherical  one,  be- 
cause it  exposes  a  larger  surface 

The  two  kinds  of  seosibility  indicated,  are  obtained  in  a  ther- 
mometer which  has  a  small  cylindrical  reservoir  and  a  very  capil- 
lary tube. 

505.  Ijlmits  of  the  meioorial  thermometer. — ^Mercury  is  by 
far  the  most  available  thcrmometric  fluid.  It  may  easily  be 
obtained  pure ;  it  does  not  adhere  to  the  sides  of  the  tube,  and 
above  all,  it  has  a  greater  range  of  temperature,  between  its 
freezing  and  boiling  points,  than  any  other  liquid;  freezing  at 
— 3D°  -2,  and  boiling  at  063°  F.  Between  these  two  points,  its  ex- 
pansion for  equal  increments  of  heat  is  very  regular,  excepting 
near  its  freezing  point  Owing  to  this  last  irregularity,  mercurial 
thcrmoineterH  cannot  be  accurately  used  for  temperatures  lower 
than  — 33''.  Above  the  boiling  point  of  mercury,  heat  is  meas- 
ured by  instruments  calle<l  pyrometers,  (517.)  For  very  low 
tcnipcraturcH,  spirit  of  wine  thermometers  are  employed 

500.  Spirit  thermometers}  other  liquid  thermometerai — Al- 
cohol has  never  been  frozen,  and  is,  therefore,  used  for  the  esti- 
mation of  low  temperatures.  Thennometer  tubes  arc  filled  with 
alcohol,  (which  Is  generally  colored  red,)  by  heating  the  bulb, 
with  the  open  end  of  the  tube  thrust  into  alcohol,  and  com- 
pleting the  process  in  the  manner  already  indicated.  (495.)  The 
tube  is  graduated  by  comparison  with  an  accurate  mercurial 
thermonictcr,  exposing  both  to  the  same  temperature,  and  marking, 
successively,  upon  the  alcoholic  thennometer,  the  temperatures 
indicated  by  the  mercurial  tliermometer  as  they  are  gradually 
heated.     The  alcoholic  thermometer  riiould  not  be  divided  into 

rnll.  Whst  is  said  of  wensibillty  in  thermometers  ?     What  forms  of 
rcs«>rvoir  are  iircrorre<l  ?  O05.  What  i>eculinr  excolloncfs  has  mercury 
fur  iherinoiiieterAt     What  limito?     What  is  said  of  very  In \v  t«m- 
peratiire!«f     A(Hl.  How  nre  spirit  thermometers  oonslructed  If     How 
craduutt-d  ?     What  liability  of  error  is  there  in  them  ? 
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equal  parts,  between  the  fireezing  point  of  water  ui4  its  boiling 
point,  became  it  expands  unequaUy,  for  equal  increments  m^ 
heat     Alcoholic  thermometers  often  differ  much  from  each  other, 
because  there  is  great  difficulty  in  obtaining  alcohol  perfectly 
pure,  or  of  exactly  the  same  degree  of  concentration. 

Gapt  Parry,  in  his  arctic  royages,  (whose  experience  was  con- 
firmed by  Dr.  Kane,  Arct  Exp.  II,  406,)  found  a  difference  of  18*  F., 
between  alcoholic  thermometers  constracted  by  the  most  celebrated 
makers;  and  a  difference  of  14**  F.,  has  been  obeerred,  eren  at  a  tem- 
perature of  only  IS"",  or  20**  F.  In  consequence  of  this,  other  liquids 
have  been  proposed  for  thermometers,  intended  to  indieata  low 
temperatures.  From  the  experiments  of  M.  Pierre,  of  all  liqaida, 
ordinary  sulphuric  ether,  dorid  of  ethyle,  and  bromid  of  methyls, 
were  found  to  be  best  adapted  for  such  instruments^ 

507.  Air  thennomtttonb — ^As  air  contracts  uniformly  and 
quickly,  it  is  sometimes  used  in  thermometers,  where  slight  ftnd 
sudden  variations  of  temperature  are  to  be  obsenred.  The  con- 
tractions and  expansions  which  it  undergoes}  are  rendered  visible 
by  the  movements  that  it  causes  in  liquids. 

The  simplest  air  thermometer  is  that  represented  by  fig.  2W.    It  n 
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a  bulbed  tube,  filled  with  air,  having  for  an  index 
a  drop  of  colored  liquid  in  the  stem  at  A.  The 
movements  of  the  index  show  the  variations  of 
temperature.  Another  thermometer,  often  called 
Sanctorio's  thermometer,  is  represented  by  fig. 
8(X>.  Tlie  extremity  of  the  tube  rests  in  the 
colored  liquid  contained  in  the  open  vesaeL  If 
the  bulb  is  heated,  the  liquid  falls  in  the  tube* 
and  rises  if  the  bulb  is  cooled. 

Amontons'  thermometer,  fig.  301,  is  essentially 
the  same  as  the  last;  the  bulb,  C,  is  partially 
filled  with  colored  liquid.  Expansion  of  the  air 
contained  in  the  upper  part  of  the  bulb,  C, 
causes  the  liquid  to  rise  in  the  tube  A  B. 

These  instruments  are  necewiarily  imperfect, 
owing  to  the  varying  pressure  of  the  atmosphere, 

and  they  serve  only  as  means  for  the  illustration  of  principles  in  the 

class-room. 


4 
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Illustrate  this  from  arctic  experience.  007.  What  is  said  of  air 
thermometers  ?  For  what  are  they  used  ?  What  is  Sanctorio's  ther* 
mometert     What  is  Amontons*  thermometer? 
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608.  HiiloKy  of  the  UMmoBMitar^— It  is  not  certain  to  whom 
-Sre  are  indebted  for  the  discovery  of  the  thermometer.  This  honor 
is  attributed,  generally,  to  Cornelius  Drcbbel,  who,  some  say,  was 
a  peasant  of  North  Holland,  others,  that  he  was  a  physician  of 
Alicmaar.  Italian  writers  generally  give  the  credit  to  Santorio 
Sanctorio,  who  flourished  at  the  beginning  of  the  17th  century. 
It  is  by  no  means  improbable,  tliat  each  may  be  justly  entitled 
to  the  merits  of  its  invention. 

These  early  thermometers  indicated  temperatures  by  the  expan- 
sion of  air ;  the  first  great  improvement  was  made  by        801 
the  Florentine  academiciaos,  -who  substituted  spirits  of 
wine  for  the  purpose.    They  divided  the  instrument  arbi- 
trarily, as  before,  by  little  dots  of  enamel,  placed  at  equal 
distances  upon  the  tube. 

Fahrenheit  (died  1786)  employed  mercury  in  ther- 
mometers in  1720.  By  some,  this  diseovery  is  given 
to  Reaumer,  a  philosopher  of  Franee,  who  died  in  1757. 
Newton  used  linseed  oil.  Renaldi,  at  the  elose  of  the 
17th  century,  proposed  the  melting  of  iee  as  a  fixed 
point  on  the  scale.  Newton  marked  this  point  0^,  and 
took  for  other  points,  the  temperature  of  the  blood  of  man,  (marking 
it  12^,)  and  tho  temperature  of  boiling  water,  (marking  it  34^)  Cel- 
sius, in  1741,  adopted  the  melting  of  ice  and  the  boiling  of  water, 
AA  the  two  standard  points  of  the  rcaIo,  and  di-  302 

vided  it  into  100  parts.     From  this  time  the 
thermometer  received  numerous  improvements, ' 
until  now  it  has  attained  as  high  a  degree  of 
perfeetion  as  almost  any  philosophical  instru- 
ment 

500.  Zfeslie's  differential  thermometer. — 
This  instrument,  fig.  302,  consists  of  a  tube, 
bent  twice  at  right  angles,  upon  each  end  of 
which  is  a  bulb.  Within  the  tube  is  a  por- 
tion of  sulphuric  acid,  colored  red  When 
Y)oth  bulbs  are  subjected  to  the  same  tem- 
perature, the  liquid  column  will  be  at  the 

same  height  in  both  tubes.     If  one  bulb  is 

heated,  the  air  e3y)anding  will  drive  the  liquid  in  tho  stem  toward 


flOR.  Who  are  the  rival  claimants  for  the  honor  of  di»<*ov*'rv  of 
the  thermomi>ter  ?  Who  first  used  fluids  in  the  place  of  air  ?  When 
was  mercury  first  used  in  thermometers,  and  by  whom  ?  Give  other 
points  in  the  history  of  this  instrument  500.  Describe  Leslie's  diffe- 
rential thermometer.     Why  is  it  so  called  t 
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the  other  bulb,  as  seen  in  the  figure  at  nn'.  It  is  erident  that  this 
instrument  does  not  indicate  general  changes  of  temperaturei  but 
only  differences  between  the  temperature  of  the  two  bulbs.  In  a 
limited  number  of  cases,  it  furnishes  an  instrument  of  great  deli- 
cacy and  utiUty,  and  i^  the  only  form  of  air  thermometer  of  any 
scientific  yahie.    Almost  identical  with  this,  is — 

610.  Romford's  tfaesmoscope* — ^At  the  same  time  that  Leslie 
inyented  his  differential  thermometer,  Count  Rumford,  (otherwise 
Bei\jamin  Thompson,)  an  American  by  birth,  brought  forward  a 
yery  similar  i^paratus,  called  a  thermoscope,  represented  in 
fig.  808. 

The  horizont«l  tube  is  longer,  and  the  bulbs  larger,  than  in  the 

preceding  instrument.  In  the 
horizontal  tube  is  plaeed  a  drop 
of  solpharic  acid,  n,  whieh  senrea 
as  an  index,  and  separatee  the 
two  Tolames  of  air.  When  the 
instrument  is  in  eqnilibrium,  the 
index  remains  at  the  eentre  of 
the  horizontal  tube,  and  changes 
its  position  as  the  temperature 
of  the  two  bulbs  Tariea. 

511.  Rutherford's  mazimnm  and  minimum  thermometen* — 
It  is  often  desirable  to  ascertain,  in  the  absence  of  an  observer, 
the  highest  and  lowest  temperature  of  the  night,  or  of  any  other 
interval  of  time.  This  may  be  done  by  the  employment  of  what 
are  called  maximum  and  minimum,  or  self-registering  thermom- 
eters. One  of  the  most  simple  instruments  of  this  kind  was  in- 
yented by  Rutherford,  and  is  represented  in  fig.  "04. 

It  consists  of  t\ro  thermometers  attached  to  a  plate  of  glass,  or  to 
wood ;  their  tubes  are  bent  at  right  angles,  near  the  bulbs.  The 
maximum  thermometer,  A,  contains  mercury  ;  the  minimum  ther- 
mometcr,  B,  contains  nlcohol.  In  the  tube  of  the  former  is  a  small 
piece  of  eteel,  (seen  at  A  ;)  when  the  mercury  expands,  it  pushes  the 
steel  before  it,  but  when  the  fluid  recedes  toward  the  bulb,  the 
wire  does  not  follow  it  The  steel  is  thus  lefl  at  the  extreme  point 
to  which  the  mercury  may  have  moved  it,  and  indicates  the  highsst-, 
or  maximum  temperature,  to  which  it  has  been  exposed.  The  alco- 
holic thermometer  contains  a  small  piece  of  enamel,  (seen  at  B.)  sunk 


510.  What  is Rumford's  instrument f  Doscriht^  it.  Ml.  What  are 
maxima  and  minima  thermometers  ?  Describe  Rutherford's  I nstm- 
ment,  fig.  804. 


MAXIMUM   AND  MINIMUM  THERMOMETERS. 


Sir 


below  the  ■nrfaee  of  the  liquid*  The  poeition  of  the  enamel  ii  not 
effected  by  expeneion,  becense  the  alcohol  readily  peases  it;  but 
on  eontractiog,  it  is  drawn  back  with  the  column  of  alcohol,  be- 
cause it  cannot  oTcreome  the  cohesive  attraction  of  the  particles 

804 


of  liquid  at  the  surface  of  the  column.  Thus  the  enamel  is  left  at 
the  lowest  point  to  which  the  column  has  retreated,  and  represents, 
therefore,  the  minimum  temperature  which 'has  occurred. 

612.  Negrstti  and  ZambrmHi  miTlinwm  tliMrmoiiitfter.^ — ^A  slight 
agitation  given  to  Rutherford's  maximum  thermometer  will  often 
cause  tho  stoel  index  to  become  immersed  in  the  mercury,  whidi, 
upon  expansion,  will  pass  by  the  steel,  and  thus  the  instrument 
will  fiiil  to  fulfill  the  purpose  for  which  it  was  designed.  This 
source  of  error  is  avoided  in  the  use  of  Negretti  and  Zambra's 
instrument,  fig.  805. 

A  small  rod  of  glass,  a  &,  is  introduced  into  the  thermometer  tobi^ 

805 


which  in  then  bent  just  above  the  point  where  the  rod  is  placed ;  the 
rod  nearly  fills  the  bore  of  the  tube.     When  in  use,  the  instrument 

How  are  its  indications  recorded  ?    612.  What  fault  of  the  last 
is  avoided  in  the  instrument,  fig.  806 1    What  is  it  called  t 
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k  ratpendad  horiioiitally.  Th«  merenry,  by  ezpui^Dg,  will  foTM 
Its  way  put  the  obttnietion,  to  th«  point,  e,  for  example;  when  Hie 
temperature  falls,  and  the  mereary  eontraets,  the  eohesion  of  the  par* 
tielee  of  mercury  to  each  other  will  preTent  the  column  from  paaaing 
the  rod.  The  extremity  of  the  column,  e,  will  therefore  indicate  the 
highest  temperature  to  which  the  instrument  has  been  exposed. 

613.  WalferdinHi  Buudnnim  thennoneter. — The  upper  part  of 
the  tube  of  this  instroment,  fig.  806,  terminating  with  a  small 
306    orifice,  is  surrounded  by  a  reservoir  which  contains  mer- 
A    cury.    When  theinstrument  is  to  be  used,  it  is  first  heated^ 
I  /  V  '^^^^'^^y  ^®  mercury  rises  in  the  tube  and  oyerflows  into 
Lffi^the  resenroir ;  it  is  then  inverted.    The  elongated  point  of 
i^  the  tube  thus  dips  into  the  mercury  of  the  reservoir.     It  is 
now  exposed,  while  inveitad,  to  a  lower  temperature 
than  the  one  to  be  deterauned.    During  this  cooling;  the 
tube  will  remain  fbllbecanae  its  point  dips  into  the  reecifoir 
of  mercury.    The  instroment  is  now  placed  in  its  proper 
position,  and  it  is  evident  that  as  the  temperature  rises,  a 
portion  of  mercury  will  pass  out  of  the  full  tube  into  the 
reservoir;  and  the  portion  will  be  greater  as  the  tempera- 
ture is  higher. 

To  determine  afterwards  the  highest  temperature  to 
which  it  has  been  exposed,  it  is  compared  with  a  standard 
thermometer.  Both  being  placed  in  a  water  bath,  gradu- 
ally heated,  and  observing  the  temperature  indicated  by 
the  standard  thermometer,  when  the  mercurial  column  has 
risen  to  the  top  of  the  tube  of  the  maximum  thermometer. 
514.  Metastatic  thermometer. — M.  Walferdin  has  also 
invented  a  thermometer  designed  to  indicate  very  small  dif- 
ferences of  temperature.  In  this  instrument,  fig.  307,  the 
reservoir,  and  calibre  of  the  tube,  are  very  small. 

There  is  a  bulb,  B^  in  the  upper  part  of  the  tube,  contain- 
ing a  small  quantity  of  mercury.  Just  below  this  bulb,  the 
capillary  tube  suddenly  contracts  at  C.  The  scale  is  entirely 
arbitrary,  consisting  of  tlie  division  of  the  tube  into  parts  of 
equal  capacity.  In  using  this  thcrmoiucter,  it  is  first  heated  to  a  tem- 
perature somewliat  higher  than  the  one  it  id  \v'ishcd  to  estimate. 
The  mercury  riso.s  in  the  tube  and  pnrtiully  fills  the  bulb.     A  slight 


How  is  it  constructed  and  used  ?  !>\'A.  Describe  Walfcrdin's  max* 
imum  thermometer,  liow  is  this  used  ?  514.  What  is  the  metaa' 
tatio  thermometer  t 
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•hake  given  to  the  instroment  while  cooling,  causes  the  mercurial 
column  to  break  at  the  point  of  contraction,  and  while  a  portion  of 
mercury  remains  in  the  bulb,  the  mercurial  oolum  n  sinks    307 
down  to  a  point  somewhere  above  the  reservoir.     The  ther-  ^>. 
mometer  must  now  be  exposed  to  a  known  temperature,  very      ^ 
near  to  that  we  wish  to  estimate ;  when  the  position  of  the  level      >▼ 
of  the  mercury  in  the  tube  is  noted.    The  thermometer  is  then 
subjected  to  the  medium,  whose  temperature  is  to  be  esti- 
mated.    If  there  is  a  difference  in  the  level  of  the  mercurial 
column  in  the  two  cases,  of  18  divisions  of  the  toale,  and  if  300 
of  these  divisions  are  equal  to  one  degree,  than  the  difference 
in  temperature  must  be  J^*.  of  a  degree.    IL  Walferdin  has 
employed  thermometers  which  indioAied  one  ona-handredth 
(^|.^,)  and  even  one  one-thousandth  (.^l|^)  of  a  degree,  cen- 
tigrade.  (^  and  j^^  of  a  degree  F.)    By  eaoMiig  more  or 
less  mercury  to  flow  into  the  upper  bulb,  differeooea  in  tem- 
perature, more  or  less  minute,  may  be  estimated.    A  single 
thermometer  of  this  description  may  take  the  place  of  a  se* 
ries  of  thermometers  wiih  a  fractional  scale. 

5 1 5.  Breguet'a  metallio  thermomatar. — This  instr umcn  t^ 
romarkable  for  the  extreme  sensibility  of  its  indications, 
depends  upon  the  unequal  expansion  of  different  metals ; 
it  is  represented  in  fig.  808. 

Three  stripe  of  platinum,  gold  and  silver,  after  being  sol- 
dered together  throughout  their  whole  length,  are  rolled  into 
a  thin  ribbon,  which  is  then  fo^ed  into  a  spiral,  or  a  helix. 
The  upper  extremity  of  this  helix  is  fixed  to  a  support,  and 
to  the  lower  end,  at  right  angles  to  it,  is  attached  a  needle, 
moving  over  a  graduated  circle,  resembling  the  dial  of  a  watch. 
The  silver,  which  is  the  most  expansible  of  the  three  metals,  forms 
the  inner  face  of  the  helix ;  the  platinum,  which  is  the  least  expan- 
sible, forms  the  outer  face,  and  the  gold,  which  has  an  intermediate 
expansibility,  is  included  between  them,  and  moderates  their  effects^ 
Wiicn  the  temperature  rised,  the  silver,  expanding  more  than  the 
other  metals,  unrolls  the  helix ;  the  contrary  effect  takes  place  when 
the  temperature  is  lowered.  This  thenuometer  is  graduated  by 
comparison  with  a  standard  mercurial  thermometer.  The  instru- 
ment is  partioulnrly  u.-teful  when  very  rajiid  variutiuns  of  tempera- 
ture are  to  be  detonnined.     Another  form  is  sometimes  given  to  it. 


For  what  are  they  used  ?  How  minute  differences  of  temperature 
do  thev  indicate?  616.  Wluit  is  Breguet*s  metallic  thermometer? 
Describe  its  construction.     When  is  it  peculiarly  useful  ? 
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Th«  cotDponnd  ribbon,  being  bent  into  the  form  of  •  lottsr  U,  i»«  of 
SOB  the  «ztr«niitiM  iillzed,  and  tha 

oUier  li  1<(1  tfe*  t«  moTft  B; 
tnteniof  ■  lever  «nd  toothed 
vh«eli,  thamoTemeoU  which 
ehangca  of  tamperatnra  eaou 
in  tha  frea  and,  mr»  « 


S16. 
thmtaantm^Mi.   Joseph 

Suton,  of  the  U.  S.  Coast 
Surrey,  hu  adapted  the 
prindple  of  Breguet's  metal- 
lic thermcmMter,  io  Uu  ood- 
straction  of  u  instnimait 
fay  which  numeioiu  Tciyae- 
cnrate  obsemtioas  bave  been  made  upon  the  temperature  of  tha 
Eca  in  deep  soundings.  Silrer  and  platinum  form  the  oompouad 
spiral,  and  its  toTBion  is  regiiatered  by  an  indox,  moved  by  multi- 
plying wheels,  and  carrying  forward  a  tell-tale,  or  stop-band,  to  the 
lowest  temperature  attained.  This  inslnuneDt  has  been  soue 
years  in  use  for  deep  sea  soundings,  with  the  best  results. 

617.  Wedgewood'a  pyiometar. — The  range  of  the  mercurial 
thermometer  is  limited  by  the  boiling  point  of  mercury;  higher 
temperatures  are  measured  by  the  effectf  of  hoat  upon  solids  with 
inatrunieiitM  called  pyrometem. 

The  CL'li'bialed  Knplisb  potter,  Wi-dgowood,  invented  the  flrst 
pyrometer  used.  This  was  founded  upon  the  eontraetion  whidi 
clay  undergoes  wiien  exposed  tohigh  tt-mpcratures.  He  asaumed 
this  contraction  to  be  as  much  greater  as  the  temperature  was 
higher.  The  results  obtained  with  this  instrument  are,  howerer, 
innecuratc,  as  it  is  now  known  that  the  contraction  which  clay 
imdcrgocB,  depends  rather  on  the  duration  than  on  the  intensity 
of  the  heat,  and  is  much  modified  by  llie  particular  sort  of  clay 
employed. 

Fig.  ann,  sIiowB  the  form  of  Wcd(!Owood's  pyrometer,  eoniiatiog  of 
lhrefleopperbar«,eiich»ixincbe»long,  firmly  attached  tea  braaiplata, 

B16.  What  h  Saxton'a  <Uen  son  llicrniomulnr I  nlT.  Wliat  ar« 
pyrometertt  What  woa  Wedgo wood's  iiiBtrutiieutl  Why  i«  it  in- 
accurate T 
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with  the  ipMM  betwaen  tham  cDDTergtog  ngnUrtj  from  laro,  (0°,) 
whar*  it  i*  haltan  ioeh,  (S  Unas.)  to  4  Upm,  (y^  thi  of  an  ineh,)  at  tha 
imaller  eod  of  Uia  Mcood  eonpla.    Thii  ipaoa  wm  dirided  int«  S40* 


degraet— UiaO°aorr««poadtngtolOOO°FaliraDlia[t,  eaohd^resbcing 
about  aqiul  to  100°  Fahranlieit  Small  ojlindan  of  a[ay,  «,  driad 
at  St2°,  and  tarnad  eiaetl;  to  fit  tbe  largar  end  of  iha  groora,  war* 
iubjeot«d  to  th«  tamparatore  to  be  eaUmated,  aay  that  of  a  m«ltiii( 
matsl ;  eoDtrootioD  of  the  elay  foUowed,  and  when  cold,  the  teat 
cylinder  wae  (lipped  into  the  groore,  Dotil  it  met  ita  own  fanga, 
when  the  degree  appoiite  recorded  the  temperature  to  which  iha 
clay  bad  been  aiibjectcd.  Owing  to  thecaueeiof  iueccur&ey  already 
indicated,  Uiie  iuetrument  )ia«  aow  only  a  hiitorical  inlereit 

S18.  DanialTa  pyroBMtar  is  the  only  inatniment  hitherto  con- 
trived capable  of  giving  exact  results  for  high  tempenturei. 

This  irutrament  fig.  310,  eonslala,  eMentiilly,  <^  two  part*;  the  re* 
gialer,  (1,)  andthe  ■caIe,(A)  The  register  is  a  c«>e  oTblieii  lead  earth- 
enware, D  D,  taren-teDihs  of  an  ioeh  aquare,  and  eight  iaehes  long, 
in  which  ii  bored  a  cylindrical  hale,  lereQ  and  a  half  inchea  deep,  aod 
three-icDtlii  of  an  inch  is  diameter.  Into  this  carily  fits  a  rod  of  pie- 
linam,  (or  iron,)  aix  at)d  ■  half  Inches  long,  and  a  little  smaller  than  the 
hole,  and  over  it  reus  a  plug,  or  cylinder,  of  hard  porcelain,  d,  one  and 
■  half  inchei  long,  and  confined  snugly  in  its  place  by  the  scrap  of  pla- 
tinum, r,  and  a  wedge  of  porcelain,  *.  This  syitem  may  be  eiposed  to 
the  highret  lempcraiure  of  themoet  powerful  fumaees,  wilhoat  injory  to 
any  of  ils  parts,  and  the  lingle  rffcet  of  rhc  heal  will  be  lo  fqrce  forward 
(by  the  eipnngioii  o[  the  melellie  bar,}  (he  plug  of  porcrliin,  as  much  as 
the  bar  liaa  eloiigaled  bf  yund  thii  eipansioo  of  the  outer  eaae,  D  D. 
Tu  measure  the  riect  amount  of  ibis  eipsnsion  is  Ihe  object  of  the  scale, 

Clfi.  What  isUaiiioH's  pyroinoterr  Describe  th  a  register.  De- 
scribe the  scale.  How  ia  an  obserrstion  mads  with  il)  How  are 
the  degree*  of  measurement  converted  into  degree*  of  temperature  I 


822 


HJSAT. 


(2,)  fig.  310.  Before  the  ezperiment,  the  black  lead  regiater  has  been 
nicely  adapted  to  the  edge  of  the  braaa  rale,  A  A,  and  of  Ita  attached 
gaugea,  a  and  h  b,  (the  ahonlder  of  Z^  J)  fitting  under  a.)  In  this  pimition 
the  point  h,  on  the  afaorter  limb  of  the  moTable  arm  C,  fita  into  an  inden- 
tation t,  on  top  of  the  porcelain  cylinder.  The  nonioay,  then  reada  0**,  on 
the  graduated  arc  e  e.  The  diaunce  fix>ni  the  centre  to  k,  ia joat  one- tenth 
of  the  distance  to  g.  After  the  experiment,  the  legiater  being  adapted 
aa  before,  the  noniua  mores  forward  on  the  graduated  aie  in  piopor* 
tionto  theeipanaonofthebar»a.  SineetbeexpanaienJadirectljaa  the 
temperature,  it  remains  only  te  eonvcrt  degrees  of  an  iato  degrees  of 
temperature.    The  seale,  e  e,  is  so  s4jn8ted  wlfli  ■efcience  toother  partaof 

the  instrunent,  that  the  are  read  off  majr  be 
eonverted  into  dedmab  of  an  inch  of  expan- 
aion,  by  aeeking,  (in  a  table  of  natural  aincs,) 
the  aine  of  half  the  obaenred  arc,  and  reading 
It  as  the  decimal  of  an  inch.  The  relaiScm  of 
this  Instrument  to  the  common  thermometer, 
waa  determined  by  aufcgeeting  cyilodenof  pla* 
tinum  and  iron  in  it,  to  the  known  tempeiainies 
of  boiling  water  and  mercury,  sacoeaaiTely, 
and  from  the  measures  thua  obtained,  fixing 
a  ratio  between  degrees  of  ezpanaion  and  of 
temperature. 

In  use,  the  case,  D  D,  (with  its  rod,)  pre- 
viously heated  with  care,  is  plunged  into  a  cracible  containing  melted 
zinc,  antimony,  iron,  or  any  other  melted  metal  whoee  temperature  ia  to  be 
determined,  until  it  has  fully  the  same  temperature,  and  then  reading  off 
aa  already  described,  when  the  whole  had  become  quite  cooL 

519.  I>raper's  p3rrometer. — This  instrument  registers  its  re- 
sults by  the  expansion  of  a  little  strip  of  platinum,  heated  (in  free 
air)  by  a  measured  current  of  voltaic  electricity. 

The  platinum  strip  ia  connected  with  the  short  end  of  a  lever,  whose 
longer  limb  marks  upon  a  graduated  arc  the  degree  of  expanaion.  IVith 
thia  delicate  instrument,  Prof.  Draper  conducted  a  aeries  of  experi- 
ments upon  the  temperatures  at  which  bodies  become  risibly  red,  in  the 
dark  and  in  diffused  light,  the  temperatures  being  determined  from  the 
co-efHcient  of  expansion  in  the  several  metala  (Silliman'a  Journal,  [2] 
iv.  388.)  J 

The  term  p}Touictcr  is  sometimes  applied  to  instruments  in- 


How  is  the  relation  to  the  coinmon  thermometer  established  ? 
^l^.  What  is  Draper's  instrument  I  How  ia  the  term  pyrometer 
Bomstimes  used  t 
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tended  to  measure  ofaanges  of  dinaenBions  in  bodies  at  low  tem- 
peratures by  the  expansion  of  solid  rods ;  snch  is — 

620.  Saacton's  raOaotiaf  pyrometer. — In  the  measurement  of 
the  long  base  lines  of  tbe  larger  triangles,  in  the  survey  of  the 
coast  of  the  U.  S. ;  lines  sometimes  forty  or  fifty  miles  in  length, 
the  greatest  accuracy  is  requisite.  The  measuring  rods  contriTed 
for  this  purpose  by  Pro£  Bache,  are  compound  bars  of  iron  and 
brass,  so  proportioned  in  their  cross  section  as  to  equalize  their 
differences  of  specific  heat  and  oonductibility,  while  their  une- 
qual expansions  compensate  for  each  other,  and  presenre  an  in- 
variable length.  To  verity,  these  bars,  the  ends  are  brought  in 
contact  with  two  blunt  knife  edges ;  one  immovable,  the  other 
forming  the  shorter  end  of  a  compound  lever ;  having  at  the  other 
end  a  rotating  mirror.  Any  variation  of  length  in  the  bar,  by 
changing  the  angular  position  of  the  mirror,  gives  eirideiMe  of 
the  change  to  an  observer,  whose  eye  is  placed  at  a  tdesoopa  di- 
rected towacds  the  mirror,  in  which  the  one  twenty-Ave  tfaon- 
sandth  of  an  inch  on  a  scale  is  magnified  into  a  unit  of  gradnatkio, 
about  one-fourth  of  an  inch  long,  fit>m  which  the  one  hundred-thou- 
sandth of  an  inch,  or  about  one  four-millionth  of  a  metre  is  easily 
read.  If  desirable,  this  degree  of  minuteness  might  be  greatly  in- 
creased. This  simple  and  beautiful  contrivance,  has  superseded 
all  methods  previously  known,  for  verifying  rods  of  any  length. 
It  is  sensibly  affected  in  bars  six  metres  long,  by  changes  of  tem- 
perature otherwise  quite  inappreciable,  and  it  then  becomes  the 
most  sensitive  of  thermometers.  This  method  is  good  only  for 
end  measurement 

Borda^B  tmthod  qf  verification^  (adopted  in  the  measurement 
of  an  arc  of  meridian,  by  which  the  unit  of  the  French  standard 
measures  was  determined,)  consisted  in  the  employment  of  a  bar 
of  platinum,  P  P,  fig.  811,  and  one  of  brass,  B  I/.    These  were 

811 
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firmly  clamped  at  one  end,  B,  while  at  tlio  other  a  finely  divided 
scale  and  vernier  gave  the  means  of  reading  the  variations  in 
length  of  the  bars  by  a  microscope.     A  variation  of  1°  C,  was 

620.  What  is  Saxtoa*!  reflecting  pyrometer?  What  of  ita  deli- 
cacy f  In  wbat  service  has  it  been  used  f  What  was  Borda's  mode 
of  measurement  f    What  other  system  is  named  f 
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equal  to  the  oneone-faundndthof  the  espuuion  batman  0'  and 
100°  C,  and  bf  the  Temier  and  p^iuttion,  these  diTisioasoNild 
be  read  to  the  one-ntiUiontb  of  the  length  of  the  bar.  A  much 
more  delicate  method  than  that  of  Borda,  hw  been  deriaed  by 
Silhermann,  by  whjch  the  standard  measures  sent  by  Franoe  to 
the  U.  8.,  were  veriBed.  (SiU.  Jour.,  [8]  toL,  zz,  41S.) 

621.  nunno-eleotrio  pU^ — For  the  detection  of  ezceedingjlj 
minute  TariationH  of  temperature,  no  instrument  is  compusble, 
in  delicacy,  with  Melloni'e  thermo-electric  pile.  This  instnunent 
consists  of  a  series  of  small  bars  of  antimonj  and  bismuth,  a  and 
b,  Rg.  818,  soldered  together  at  their  alternate  ends.  Two  wirea 
818  813  connect  the  opposite  num- 

bers, fi  and  M,  flg.  S18,  of 
this  battery,  with  k  ^v«a- 
ter.  The  needle  of  tbo 
K  galTanometer  is  auqiended 
^  OTer  a  graduated  drcle,  and 
es  in  exact  accorduMe 
'  with  an  electric  current 
produced  bj  the  battery. 
The  least  difference  in  tem- 
perature between  the  opposite  feces  of  this  bettery,  produces  an 
electric  current,  end  thus  causes  the  needle  of  the  galvanometer 
to  oscillate.  This  delicate  inatrumeat  will  be  desoibcd  more 
minutely  hereafter. 


8.  Exparaion. 

G2S.  BzpansiOD  of  solid  bodies.— When  the  temperature  of 
bodies  is  rnised,  they  (ivith  few  exceptions)  increase  in  bulk,  or 
expand.  Solids  expand  less  for  equal  increments  of  heat  Ituut 
cither  liquids  or  ga^cs,  because  of  the  strong  cohesion  existing 
between' their  {uirti^les.  nifferont  solids  expand  unequally,  but 
for  the  most  part,  uniformly,  in  all  directions,  and  return  to  their 
original  dimensions  on  cooling. 

There  arrTuuieeicrpiiunB  lolhi?  xinicmenl.    Il'uaif  eipaitiJt  aail  coa- 


621.  What  in 


>id  of  11 


paiid  IcM  than  li<(uiil9  i>i 
Do  they  return  to  their  i 
are  named  I    Why  do  le 
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tmcts  mnt  in  the  breadth  of  itafibrai  than  in  thair  length,  and  when  it  ia 
conaidftnbW  heated  it  eontracta  pennanently.  Cflay  alao  contracta  per- 
manently by  heating,  (517,)  and  beoomea  vitrified ;  new  chemical  com- 
poanda  being  formed.  The  particlea  of  lead  slide  over  each  other  during 
ezpanaioD,  and  do  not  return  again  on  cooling  to  their  original  position. 
Lead  pipea  which  convey  hot  water  or  ateam,  become  permanently  elon- 
gated from  this  cauae,  and  the  leaden  linings  of  bath  tuba  and  ciatema, 
which  receive  hot  water,  become  gathered  into  ridgea. 

Two  kinds  of  expansion  are  recognized  in  solids. — 

Ist — ^Expaasion  in  a  single  direction,  ctlled  linettr  expantum. 

2d. — Expansion  in  voliune,  called  euhieal^  or  total  expansiatL 

523.  Linear  ezpuiilon  is  shown  by  the  apparatus,  fig.  814. 
One  end  of  a  rod  of 
metal,  t,  is  in  con- 
tact with  the  point 
of  the  screw,  o,  and 
at  the  other  end  with 
a  lever,  by  near  its 
fulcrum  a.  By  means 
of  a  second  lever,  g 
serving  as  a  pointer, 
any  motion  of  &  is 
multiplied  in  a  high 
ratio.  The  rod  of  metal  is  heated  by  the  flame  of  alcohol  burning 
below  it  As  the  rod  expands,  it  moves  the  lever  ft,  and  thus 
causes  the  index,  ^,  to  move  over  the  graduated  arc  The  ratio 
of  this  motion  to  that  of  6,  being  known,  the  linear  expansion  of 
t  may  be  calculated.  Such  an  instrument  is  a  pyrometer.  AH 
those  just  described  (518,  520)  equally  illustrate  linear  expanmoD. 

524.  Oubioal  azpanaioii  may  be  shown  by  the  apparatus,  flg^ 
815.  The  ring  of  metal,  fn,  allows  the  ball  of  copper,  a,  merely 
to  pass  through  it  at  the  ordinary  temperature.  If  the  ball  is 
heated,  it  expands  in  all  directions,  and  will  then  no  longer  pass 
through  the  ring,  but  rests  upon  it,  as  is  shown  in  the  figure. 
Ah  the  ball  cools,  it  gradually  returns  to  its  original  dimensions, 
and  again  passes  through  the  ring  as  before. 

525.  Relation  between  cubical  and  linear  expansion. — If  a 
solid  is  perfetrtly  homogeneous,  it  will  expand  unifonuly  in  every 


^VIlat  two  kinds  of  expansion  are  recognized  in  solids  f  52U.  How 
is  linear  expansion  illustrated  ?  Describe  fig.  814.  What  is  such 
an  instrument  called  f    624.  How  ia  onbieal  expansion  shown  f 
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directioD,  by  the  same  ekratioii  of  t«npentim;  that  is,  its 
816  length,  breadth  and  depth,. will  be 

increased  in  the  same  proportion. 

If  a  solid  waa  heated  to  a  certaia 
temperatiire,  and  increaaed  in  length  one 
one-tbowandth  of  ita  origiDal  knsith, 
ita  an&ea  would  have  increased  two 
one-thonnndtha  of  ita  origiBal  aiea, 
and  ita  Tohuie,  thfce  one-thoiiaaodiha 
^of  its  orisjinal  balk. 

Tliis  theoretical  view  ia  Ibond  to  be 
nearlf,  hot  not  qoite  true.  In  laet. 

626.  Bzpanslon   of  OKyatela. — 

Orystals  of  the  monometric  system,  (54,)  like  common  salt^  floor 
spar,  ftc,  expand  equally  in  all  directions.  In  this  system  all 
the  crystollogenic  axes  are  equal,  and  at  right  an^es  to  eadi 
other.  In  crystals  of  sll  other  systems,  the  expanaion  ia  the 
same  in  only  two  directions,  (dimetric  system,  55,)  or  it  k  dif- 
ferent in  all  three,  (57,  68,)  depending  upon  the  position  of  the 
crystallogenic  axes  to  each  other. 

The  amount  of  expansion  in  some  crystalline  compound  bodies, 
e.  g.y  floor  spar,  aragonitc,  sulphate  of  barytes,  quartz,  Ac,  is 
found  to  be  greater  than  in  metals,  contrary  to  the  generally  re- 
ceived opinion.  [H.  Kopp.] 

527.  Uniformity  in  the  expansion  of  aoUda. — Between  82% 
and  212°  F.,  the  rate  of  expansion  in  solids  is  very  uniform,  that 
is,  the  increase  in  volume  which  a  solid  undergoes  is  equal  ibr 
each  degree  of  temperature  between  these  two  point&  When 
solids  arc  exposed  to  temperatures  much  above  212°,  and  espe- 
cially when  near  the  temperature  at  which  they  fuse,  or  melt, 
their  ratio  of  expansion  is  found  to  increase  with  each  increment 
of  temperature^  except  steel,  whose  expansion  for  V  is  less  at 
high  temperatures. 

The  exparuion  of  tolids  it  varioutly  measured.  LaToiaier  and  La- 
place placed  a  bar  of  the  substance  under  examination  in  a  water 
bath.  One  eud  was  fixed,  the  other  free,  and  touched  the  end  of  a 
lever,  turning  by  any  expansion  of  the  bar,  and  causing  a  movement 
in  a  telescope  attached  to  tfie  lever.  This  read  off  the  ezpansiona 
from  82°  to  212  \  upon  a  scale  placed  at  a  proper  distance. 

526.  When  are  linear  and  cubical  oxpausiou  c(^ual  I     What  U  this 
ratio!    526.  llow  do  crystals  of  the  monometric  system  expand  I 
How  in  other  systems  f     What  is  said  of  expansion  in  some   eom- 
pounds  compared  with  metaU  from  vfhich  tliey  are  derived  t 
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S28.  nu*  ol  Um  *t*^"^  '^  nlida. — In  tb«  foUowiDg  Ubie, 
the  ezpuiBion  of  the  mors  important  BubsUnote  is  given  to- 
cording  to  the  beat  authcnitiw. 
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QlHatab«,(I^n«h, 
natiBiuti,  .  .  . 
PslUdiam,  .  ,  . 
Tcmperad  st««l,  . 


llOD,  .      . 

Biimath, 
Gold,      . 

Bran,  '  . 
StlTer,    . 


Zin*, 


1,000,811 

1  ia  1848 

1,000,861 

1  in  lUB 

1,000,884 

L  in  llSl 

1.001*00 

1  in  100< 

1,001,076 

1,001,088 

1  in    918 

1,001,182 

I  in    848 

1.001,g9a 

1  in    m 

1,001,4S6 

1.001,118 

1  in    S8i 

i,ooi,Me 

1,001,»09 

1  in    eS4 

i,ooi,es7 

1  in    Die 

1,008,8*8 

1  in    Sfil 

i,ooa,Ma 

1  in    SIS    LaroiiicrA 

I  in    8BS  }  DnlDDgV 
1  in    877  J_P«t«t 

1  in    807 
1  in    SS3 

1  in    aSB  ' 
in    221 1  Smeatoo. 

\]l  \  Lapl«*^ 

112 
117  I 
118' 
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BorthoUet  has  remarked,  that  in  geoenl  the  most  expansible 
metals  are  the  most  (iisible,  and  that  the  least  Aisible,  (as  pla- 
tinum,) dilate  the  least  The  hardnees  and  ductility  of  metals 
does  not  appear  to  bear  any  certain  relation  to  their  expansibility. 

S2D.  Table  of  tha  tooMaaad  ratio  of  expansion  with  rise  of 
tompwatara. — The  iocrMse  of  the  ratio  of  expansion  of  bodies 
bj  rise  in  temperature,  is  probably  because  the  distance  be- 
tween the  particles  augmenting  with  the  heat,  their  mutual  co- 
hesion is  more  readily  overcome. 
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l!<pu»t<»br«l.d. 

32°  and  81  a". 

8S*«Ddt8a°. 

81*  and  672°. 

1  in  «9M0 

1  in  U>S40 

1  in  B92S0 

1  in  67800 

1  in  SB840 

1  in  60760 

1  in  40B60 

Copper, 

1  in  S4920 

1  in  S1080 

1  in    9M0 

I  in    »965 

1  in     9618 

1,  What  iBthownia  thi*  UUel    Why  to  the  ratio  of  •s^m«m6. 
ledvith  the  tetnpentnr«r   Give  exawivVw  lt«a  i««n» w*«. 
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HEAT. 


INORKABB  OF  MBAN  EXPAKUOX   BT  BEAT, 


UXXNOOOpnrta  at62<'  F.l 

At  212»  F. 

At  66S<*  F.          At  freexiag  point. 

Black  lead  ware, 

1,000,244 

1,000.703 

Wedgewood  ware. 

1,000,786 

1.002,996 

Platinum,      .     . 

1,000,786 

1,002,995 

1,009,926  maxima m, 
but  not  foaed. 

Cast  iron, .    .    . 

1.000,893 

1,003,948 

1,016,889 

Wrought  iron,    . 

1,000,984 

1,004,483 

1.018,878  to  the  fiiaing 
point  of  oaat  iron. 

Copper,     .    .    . 

1,001,430 

1,006,847 

1,024,876 

Silver,       .     .    . 

1,001,626 

1.006,886 

1,020,640 

Zinc 

1,002,480 

1,008,627 

1,012.621 

Lead,    .... 

1,002,823 

1,009,072 

Tin,       .... 

1,001,472 

1,037,980 

680.  The  amoont  of  foxoe  ezsrtod  by  aaqmnaion  and 
tion  is  enormous,  being  equal  to  that  which  would  be  required  to 
elongate  or  compress  the  material  to  the  same  extent  by  medban- 
ical  means. 

A  bar  of  iron  one  square  inch  in  section,  is  stretched  one  ten-thon* 
sandth  of  an  inch  by  a  ton  weight ;  the  same  effect  is  produced  by 
a  variation  in  temperature  of  16*^  F. 

A  variation  of  80°  F.  ia  constantly  experienced  in  these  latitudes 
between  the  cold  of  winter  and  the  heat  of  eummer.  Between  these 
temperatures,  a  bar  of  iron  ten  inches  long  would  vary  in  length 
five  one-thouaandths  of  an  inch,  and  would  exert  a  strain,  if  the  ends 
were  securely  fastened,  equal  to  fifty  tons  upon  the  square  inch.  It 
is  not  therefore  remarkable  that  iron  clamps  and  bars,  built  into  a 
furnace,  frequently  destroy  the  masonry  they  were  intended  to 
strengthen,  by  the  enormous  force  exerted  during  their  expanaion 
and  contraction. 

581.  Conmion  phenomena  produced  by  the  expansion  of  boI- 
ida. — In  every  day  life  may  be  seen  numerous  phenomena,  caused 
by  the  expansion  and  contraction  of  substances  by  variations 
in  temperature. 

A  stove  snaps  and  crackles  when  the  fire  is  first  lighted,  and  again 
when  it  is  extinguished,  because  of  the  unequal  expansion  and  contrac- 
tion of  the  different  parts.  The  pitch  of  a  piano -forte,  or  harp,  is  low- 
ered in  a  warm  room,  owing  to  the  expansion  of  the  strings  being  greater 
than  that  of  the  wooden  frame  which  stipports  them,  and  lor  the  reverse 
reason  the  pitch  is  raised,  if  the  room  is  cooled. 


580.  Why  is  great  force  exerted  by  expansion  f  lUui^trate  this  in 
the  case  of  iron  bars.  631.  What  common  examples  illustrate  the 
expansion  of  solids! 
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Glaai  and  earthen  TeMela,  with  thidi  walls,  are  liaUe  to  break  when 
hot  liqoida  are  suddenly  poored  into  ihem.  The  sorfiioes  in  contact  with 
the  hot  liquid,  expanding  before  the  other  parts  are  afiected,  haye  a  pu- 
dency to  warp,  or  bend  the  sides  uneqaally,  and  the  brittle  material 
breaks. 

Kails  driven  into  wood  often  become  looee  ;  the  expansion  and  con- 
traction of  the  nails,  through  variations  of  temperatnre,  gradually  en* 
larging  the  holesi  A  gate  in  an  iron  railing  may  be  easily  shot,  or 
opened,  in  a  cold  day,  but  only  with  difficulty  in  a  warm  day,  because 
the  gate  itself,  end  the  surrounding  railinga,  have  become  expanded  by 
the  heat  Iron  bridges  are  often  perceptibly  afieeted  by  the  variations  in 
temperature  to  which  they  are  subjected  ;  thus  the  middle  of  the  centre 
arch  of  the  South wark,  (£ng.)  iron  bridge,  rises  an  inch  in  the  heat  of 
summer.  Each  tube  of  the  Britannia  tubular  bridge,  over  the  straits  of 
Menai,  varies  in  length  with  the  changes  of  the  air  from  half  an  inch  to 
three  inches  in  twenty-four  hours.  This  ex|»naioB  is  provided  for  by 
the  whole  being  placed  on  firiction  rollera. 

Bunker  Hill  Monument,  an  obelisk  of  granite  two  hundred  and  twen- 
ty-one ieet  high,  moves,  (as  observed  by  Hordbrd,)  at  top,  with  tha 
sun's  rays,  so  as  to  describe  an  irregular  eUipae  with  the  sun's  motion. 
Thb  movement  commences  about  aeven  A.  11,  of  a  snnny  dsy,  and  has 
its  maximum  in  the  afternoon.  In  a  clondy  day,  no  motion  exiats,  and 
a  shower  restores  the  shaft  to  its  position  ;  showing  that  the  heat  which 
produces  the  deflection  penetrates  but  a  abort  distance. 

Astronomical  instrumentSy  placed  on  elevated  buildings,  are  soiftetimcfl 
seneibly  deranged  by  the  expansion  of  tlie  wells  exposed  to  the  sun. 
Iron  and  platinum  wires  may  be  successfully  soldered  into  gists,  be- 
cause their  mutual  expansibility  diflers  very  little,  while  silver,  gold  and 
copper,  liniilarly  treated,  ciack  out  as  the  joint  cools,  becaue  their  ex- 
pansibility is  much  greater  than  that  of  the  glass. 

682.  Application  of  tlia  azpanslon  of  aoUda. — Many  practical 
applications  are  made  of  the  expansion  and  contraction  of  metals 
by  heat,  and  mechanical  effects  are  often  thus  produced,  unat- 
tainable by  other  means. 

Wheel-wrights  and  coopers  make  iron  tires  and  hoops  a  little  smaller 
than  the  wheel  or  barrel  for  which  they  are  designed.  They  are  ap- 
plied in  a  heated  state,  and  quenched ;  on  cooling,  they  contract,  and 

How  are  musical  instniroenta  affected  by  variations  of  tempera- 
ture! Why  do  glass  vessels  break  if  suddenly  heated  f  How  do 
yariatioDs  of  temperature  affect  iron  bridges?  Describe  the  effects 
of  the  sun  on  Bunker  Hill  Monument  Why  are  astronomical  instm- 
riients  sometimes  nsedt  Why  may  platinum  and  not  gold  wires  bo 
soldered  into  glass  tubes?  682.  what  use  do  the  cooper  and  wheel- 
wright make  of  expanaionf 


SBO  UKAT. 

Und  ihe  puta  finulf  Mgelher.  Bail-car  whcela  aie  cail  wilh  aplit  boba, 
to  allow  plar  (or  ilie  noequal  oDDUmcliua  of  ihe  hetrj  tina  and  ligbtei 
aimi,  or  Ibr  latter  would  be  bn^rn  at  tba  hub,  or  lim,  on  coolinf.  The 
aame  pneaalion  ie  icquiaiic  in  all  caoiags  wfaera  be«Ty  and  ligbt  parta 
are  oniled.  Boiler  plain  ore  riveied  iog;elher  with  red  hoi  riveta,  trbieh 
on  cooling,  drew  the  platea  logeilier  more  tinnly  tbia  any  other  meani 
could  do.  When  the  Itopper  of  a  bollle  alirlu.  il  may  uaualljp  be  wilh- 
diawD  by  beaiiDg  the  neck  of  the  bottle  with  a  aplril  Lamp,  or  wiib  a 
clolb  dipped  in  warm  water,  llie  neck  H  thiu  expanded,  and  the  alop- 
per  il  reieaaed. 

The  walla  of  an  arched  gallery  in  the  Utueum  of  arti  and  tiadei 
in  Fari^  having  bulged  oulwarda  by  the  weight  of  the  arch,  Uolnd 
pbeed  a  aeriei  of  iron  ban,  >  e,  ac,  a  e,  a'Gg.  316,ihroBgh  the  walli^ 
SIS  aecurodbr  nnta  on  theontnde.    Ttic  b«j^  a, 

a,  a,  •',  urare  fint  hHted  bjr  c&aieoal  hr- 
I,  and  wbea  they  were  "jt"'*"'  the 
were  acrewed  fiimlj  up  to  the  walla, 
^  Ai  the  ban  cooled,  ibey  dfcw  op  the  walla 
I  esluil  eqoa]  to  llieir  auuracUoa.     Tht 
|baii,e,  e,  e,  were  in  like  manner  heated, 
I  and  coaled.     Ity  ,)i  aeriet  uf  anch  operatioaa, 
I  the  walla  were  gradually  brought  to  an  rrecl 
P  position.    A  aimilar  proceeding  woe  adopted 
in  ibe  Cathedral  at  Armagh,  and  in  •  atore- 
n  Providence.  K.  L     The  enarmoui  force  exerted  by  ezpanaioa 
has  already  been  ihown,  (530.) 

CSS.  Fli«  regnlaton^-Thc  expansion  of  solid  bodies  is  often 
used  to  regulate  the  temperature  of  stores. 

A  metallic  bar,  aeuBllyof  co|^[,  la  placed  within,  orbeaide  the  aM«e 
or  furnace,  and  as  il  becomes  healed  il  eipandi,  and  mOTing  a  Icrer, 
Innu  a  damper,  or  valve,  thai  rcgalming,  or  arresting  the  dranght,  with 
perfect  fidelity  and  accuracy. 

034.  Oompenaatlngpeaduluma. — The  timws  of  the  oscillations 
of  a  iienilulimi  dupciid  on  its  leii^h,  (llil.)  A  iliHcrunov  of  one 
onu-liunilreillh  of  an  inch  in  u  common  {leuduluni.  would  tMtise 
B  clock  to  vary  tun  seconds  in  twenty-fonr  hours ;  a  dilfercnce  in 
tenippratiire  of  2.1''  F.,  iirndm^i-M  thin  etfuct.  t'onsviiucntl^,  the 
pendulum  of  a  clock  iTOuld  luuvc  (uo  fnut  in  ivunii  n-cather,  >iid 

It'hil  precauiiun  it  rrquimi  in  caaling  rnil-car  whreli  and  other  urn- 
ilar  pieri's  I  Haw  arc  builrr  pUlr*  juiucd  t  How  is  a  tight  (lupper 
looaencd  I  Deacribe  lliE  ca«  of  ihe  Parii  Muhuio.  5:13.  Haw  ia 
expaoaion  uaed  la  regutatc  lire  I  bSA.  lluw  do  diflerencea  of  temper*- 
Uire  aflitcl  clocka  I 
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too  slow  in  cold.  In  ordinary  docksi  this  defect  in  the  loigth  of 
the  pendulum  is  remedied,  bj  raising  or  depressing  the  ball  at 
the  end  of  the  rod  by  means  of  a  screw.  Pendulums  in  which 
this  defect  is  remedied  by  a  self-adjusting  arrangement,  are 
called  compensating  pendulums.  The  compensation  is  effected 
by  the  unequal  expansion  either  of  mercury  and  glass,  or  of  dif- 
ferent metals.  Scleral  of  the  more  common  forms  of  compensa- 
ting pendulums  are  described  below. 

Fig.  817  repreaentt  Graham's  compensating  pendulum  ;  the  rod,  a  b, 
ifl  of  gUaB,  and  the  ordinary  weight  is  replaced  by  a  glass  317 
reaervoir  containing  mercnry.  When  the  temperature  is  ei-J 
evated,  the  pendulom  will  be  lengthened,  and  the  mercury 
also  expanding,  will  rise  in  the  glaat.  The  centre  of  graviiy 
will  not  alter  in  its  position,  fi>r  it  will  be  raised  by  the  ex- 
pansion of  the  mercury  as  much  as  it  is  lowered  by  the  ex- 
panaioo  of  the  glass  rod.  As  the  time  of  the  oscillatioiis 
does  not  depend  upon  the  position  of  the  centxe  of  grafity 
in  the  pendulum,  but  on  its  centre  of  oscillation,  (165,)  whidi 
do  not  coincide  with  it,  the  compensation  is  not  quite  per- 
fect A  perfect  compensation  is  obtained  by  diminishing  or 
increasing  the  amount  of  mercury  in  the  resenroir. 

3t  Henri  BoUrts  has  inrented  a  compensating  pendulum, 
remarkable  for  its  extreme  simplicity.  The  rod  of  the  pen- 
dulum, fig  818,  is  of  platinom,  and  supporu  at  its  lower 
end  a  disc  of  zinc  The  centre  of  gravity  of  this  disc  will 
alwsjTB  be  presenred  at  the  same  distance  from  the  point 
of  suspension,  if  the  expansion  of  the  platinum  rod  is  equal 
to  that  of  the  zinc  disc ;  this  condition  b  obtained  when 
the  radii  of  the  disc  are  equal  to  one-third  of  the  length  of  the  rod. 

Hanrisen^s  gridinm  compensating  pendulum,  is  the  one  most  com- 
monly employed ;  its  action  depends  on  the  unequal  ex-  318 
pension  of  two  meula    The  pendulum,  fig  310,  is  sup- 
ported from  the  middle  of  a  bar,  at  the  extremities  of 
which  are  placed  two  iron  rods,  united  at  their  lower 
extremity  by  a  cross  piece.     This  also  supports  two 
brasd  rodrt,  united  above  by  a  third  cross  piece,  from 
which  are  suspended  two  other  iron  rods.    The  cross 
piece  which  unites  these  last  bars,  again  supportj«  two 
others  of  brasf.     Finally,  from  these  last  is  suspended  a 
third  rod  of  iron,  which  carries  the  weight.     It  is  sp- 
apparcnt  that  the  expansion  of  the  brass  rods  tends  to 


What  are  compensation  pendulums  f    How  is  compensation  eflfected  X 
l>escribe  Qraham's  pendulum.    What  is  Robert's  veiLd^^iasA 
Harrison's  gridiron  pendulum. 
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raiK  ilw  wcf|hu,  whih  die  czpuwoa  of  the  Iron  rod  te 
The  relaliTc  IcDglhe  oT  the  rod 

319  Me  neb  other.    The  eompen«tion  ii  not,  bowncr, 

quite  perfect,  but  b  intde  so  by  altering  tha  pantioQ  atlbt 
weight  isj  meaot  oT  the  •en*  beneath. 

A  clock  maker  named  itCrrfia  eRecled  the  compena- 
lioD  in  pendoluma  by  meana  of  iitlp*  of  diflcimt  nMiali 
»oldeT«d  together  thronghonl  their  length,  and  fixed  Drnoa- 
lersslyipoD  the  pendulum  rod,  fig.  S20.  ThemeiaU|es- 
trally  employed  for  the  compoond  atrip,  are  iron  aad 
capper  ;  the  Copper,  being  the  moet  expamible,  ia  placed 
helow  the  Iron.  When  the  tempeiaiaro  rlaea,  and  iIm 
cenlie  of  oocillalicn  ia,  by  the  espannon  of  the  prndalom, 
oTrl  to  a  greater  diMaoce  from  the  point  of  Mapca- 
.  the  capper,  eipanding  mora  than  the  itoa,  htmit 
-^^  ..  tod  into  the  enrrem/m,  whcicby  the  metallic  bailie 
^  ^^^'"  "<>  ■'  ■!>"  eztrrailieaoftbereda,arerabed,  udbahif 
■  ^Hbroughi  dcaer  lo  tha  point  of  aiapenrioa,  ■"— p— tiit  far 

^h  ^Vthe  incicaaed  dkranoe  of  the  weight  t(  Uie  pendnhBi 
^H^^^  B-om  ibnl  pomt.  If  (he  teiupenlare  ia  lowered,  tba  rod 
♦  bends  into  the  corve,  m'  c  m\  and  the  ball*  are  lowered. 
Theae  halla  are  of  anch  a  fiir,  and  placed  a(  aoch  a  poaition  npon  the  eom- 
pound  bur,  that  the  centre  of  oacillaiiDn  ia  not  displaced  by  variatioDB  in 
tenperalarc,  and  ihuB  perfect  compeneation  ia  prodoced. 

G35.  Compenaating  balance  wheels  of  watchei  and  chrcpfua 
t«gn. — The  )>alanee  wheels  of  watches  and  chronotncterB,  liketbc 
320  pendulums  of  clocks,  vary  in  dimenBions,  mitd 

conBcquentlj  in  rate  of  movement,  with  differ- 
ences of  tGuigiuraturc,  ftnd  c&use  correspouiling 
variations  in  the  iMe  of  the  time-pieces,  which 
they  regulate. 

Thia  defect  ia  remedied  by  forming  the  rim  of  the 
wiieel  of  area,  a,  0,  a,  dg.   !tS  1 ,  compoaed  of    two 
■I    (tripaof  diUerenliiielala,  the  moat  ciptneibk  b«Dg 
^^.,.  „  t   ^^^  placed  without ;  each  arc  cariiea,  at  ila  extremity,  a 
-*^  *^T  email  weight,  n,  n 


AJT' 


vcighl.  n,  n,  n.    U'hcn  the  icroprraiurc  ri 
ilie  diameter  of  the  wheel  iiicrraHi,  and  the  area, 
bcirtg  forced  lo  bend  inirarda,  the  weigiits,  n.  a,  «, 
are  thrown  nrarer  ihe  cpuiif  of  the  wheel,  and  thai 

prodoce  compenaation.     The  action  of  unprioal  Pi)>aoE 

which  compenaSlioi 


^ 


1  balancrg  dependa,  ia  w.ll  i-hown  by  joining  firmly 


Vhai  w«8  Uartln'a  rontrivinci 
liotil  S35.  H«w  ait  chronometi 
MTibe  fi|.  321. 


APPARENT  AND  ABSOLUTS  EXPANSION. 


888 


MA 


bf  rivet!  two  lwn»oiie  of  iroB  and  one  of  bran,  as  in  fig  822.    When 
tliejr  are  beated,  the  braM^  expanding  moat,  will  331 

canae  the  componnd  bar  to  bend,  ai  ehown  in  the 
fig.  828.  Tf  tbejr  are  oooled  by  ice,  the  braaa,  con- 
tracting moat,  will  bead  the  bar  of  the  united  met- 
ab  in  an  oppoate  direction. 

686.  Bzpanalon  of  Ucjidda. — All  liquids  ex. 
pand  bj  heat  more  than  solids ;  thus  mercury, 
the  least  expansible  of  all  liquids,  expands 
more  than  zinc,  the  most  expansible  of  all  solids. 

The  rate  of  expansion  in  liquids  is  not  uniform,  as  it  is  in  solids. 
Especially  near  their  points  822 

of  solidification  and  yapor- 
ization  they  are  subject  to 
great  irregularities.  Gen- 
erally the  most  volatile  li- 
quids are  the  most  expansible.  828 

537.  The  amount  of  farce  exerted  In  the  ezpamdon  of  Uqcdda 
18  enormous ;  being  equal  to  the  mechanical  force  required  to 
compress  the  expanded  liquid  into  its  primitive  volume. 

Thus  the  expansion  of  mercary  for  10°  F.,i8  '0010085.  Ita  comprea- 
Mbility  for  a  single  atmosphere  is  0000053.  Therefore  the  amount  of 
force  required  to  restore  the  mercury  to  its  original  bulk,  after  heating 
it  10"  F.  is  equal  to  190  atmospheres,  (10085  -4-  53  =  190,)  or  2850 
pounds  pressure  to  a  aqnare  inch.  Owing  to  this  enormous  force  ez* 
erted  during  expansion,  cloaed  veasels  filled  with  liquid  burst  when  heat 
is  applied. 

588.  Apperent  and  abaoliite  ezpanilon. — ^The  apparent  ex- 
pansion of  a  liquid  is  the  increase  in  yolume  it  appears  to  un- 
dergo when  contained  in  a  ressel  likewise  expansible.  This  is 
the  case  with  mercury  and  alcohol  in  thermometers.  The  abio- 
lute  expansion  is  the  real  increase  in  volume  which  a  liquid  u  n- 
dergoes,  as  when  contained  in  a  vessel  not  expansibla 

The  expansion  of  liquids  by  heat  is  determined  in  a  number  of  ways  ; 
sometimes  by  instruments  resembling  the  thermometer  in  shape,  by  ob- 


IIow  is  this  principle  illustrated  in  fig.  822  and  S23 f  536.  What  is 
the  comparatirc  ex|>an8ion  of  liquids  and  solids  f  What  irrogulnrity 
iH  romnrked  in  the  eximiision  of  liquids?  What  liquids  are  tiioi»t  ex- 
i»annible  ?  ftiVJ.  Illustrate  the  force  exerted  in  the  expansion  of  liquids 
in  the  case  of  mercury. 
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•erring  the  rbe  of  liqaid  in  the  iHtn ;  tt  othrt  timt*  bf  filling  •  gl^ 
vtBwl  with  a  known  wriglil  of  iny  liquid,  ind  thra  memnirinB  tin  rd- 
ntns  of  liquid  ripcllcd  hj  m  ginn  increair  of  temprntDR.  The 
paniion  which  lb«  glui  t«k1  nndergon  beitig  known,  the  abaoluie 
pBDUDU  raiir  then  be  ealenlited.  The  eipiniion  mmy  aln  be  dc 
mined  b;  sn  uppvntiw,  iha  geneial  idea  of  wbieb  ii  repWMPted  in  G(. 
394.  The  principle  of  iti  operation  i>,  that  the  heights  of  coIuhids  of 
334  liquid  io  equilibriom  are  inTcraelf  m  their  deoeitie^ 

na  wa«  eipUlaed  in  359.  A  f^m  tube,  •  t,  i*  beat 
twice  St  right  inglre,  hiTiog  iti  open  enda,  «  «ad  (, 
nppennoat.  A  larger  tube  ■arroanda  each  branct. 
IcaTlng  two  eella,  cloaed  at  bottom,  and  into  whiek 
water  or  oilietliqiudiof  dilfcrettl  temperatwea  mar 
be  pouted.  The  inner  lube  ia  filled  to  the  tsrd  wilfc 
tbe  ama  liquid,  alcohol  lor  tilmpte,  at  A&  ordfaarf 
temperatnre.  Hot  water  it  then  ponnd  faiM  da 
ontercellon,  and  cold  water  into  f.  ImwedlaMly 
a  riae  of  the  liquid  in  the  I'  lake*  place,  to  a  paint 
malfced  at  t.  Tbe  aaionnt  ofllie  capanaian  ia  deter- 
mined br  meaanringlhediflennceain  the  rieTBtiDO 
of  the  liquid  in  ihc  two  tube*,  which  eleratioaa  arc 
iodrpendent  of  the  dimcDaioni  of  the  veveL 

The  nppsrcnt  expansion  of  a  liquid  ia  of 
course  always  smaller  thiwi  the  abiu>]utc  ei- 
pansion.  Tts  co-cfficicnt  is  cqunl  to  the  diflercncc  between  the 
co-efliricrits  of  the  expnnBion  of  the  liquid  and  the  recscl  in 
which  it  is  I'onlained. 

Ci^lO.  Tablea  of  expanaion  of  llqnida. — Liquids  expand  Terr 
uneqii.tlly  for  equal  increments  of  hent ;  the  law  of  their  expan- 
sion h:is  not  bei^n  fully  determined,  (generally  the  moat  expan- 
Bible  li'j\ii<liarc  those  whose  boilinj;  points  arc  the  lowest  Thoae 
whose  boilinf;  poinlx  arc  high,  iiavc  iisuitlly  a  small,  but  t«t 
repilnr  e.\iiansibilily,  especially  (it  tcnipcratures  much  l>«knr 
their  boilinf;  pointn.  The  results  of  Dall«n,  in  the  following;  taUe, 
show  The  apparent  expaivions  of  the  ilifFurent  Eubstancea,  no  «f - 

ARR.  What  is  meant  by  ajiparent  and  a))sulul«  expanaion  t  How 
iithe  exnansiuo  of  liquid"  obsi'rve<l  I  Urwribv  the  njiparatus,  fi^. 
fl-JG.  \^'^>nt  rnlinia  (here  b<^tw(N>n  the  <'<.liimn«  t  What.  ii>ihtiro- 
efficient  of  cxpnn«ioii  in  liijiii>1i<f  &:!'.<.  Dluitrnle  ihe  uneijual  «!• 
paoaion  of  liquids  from  thviiible. 
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ructions  being  made  for  the  expansion  of  the  glass  vessels  in 
which  the  experiments  were  performed. 

BETWEEEN  82*  AND  212*  F. 


it 


<( 


:  1, (KM  ),OUU  parts  m«rcury  become, 
"      pure  water  " 
"  sulphuric  acid 
chlohydrio  " 
oil  turpentine*' 
sulphuric  ether'' 
''  fixed  oils 
"  alcohol 
"  nitric  acid 


f( 
l( 
(I 
<( 
« 


tt 


(f 
« 


1,018,168 
1,046,600 
1,058.8!28 
1,068,828 
1,071,428 
1,071,428 
1.080,000 
1,111,000 
1,111,000 


1 
1 
1 
1 
1 
1 
1 
1 
1 


in 

66. 

Kegnault 

in 

21.8 

Dal  ton. 

in 

17. 

Dalton. 

in 

17. 

Dalt«n. 

in 

14. 

Dalton. 

in 

14. 

Dalton. 

in 

12.6 

Dalton. 

in 

9. 

Dalton. 

in 

9. 

Dalton. 

It  is  evident  from  the  aboTe  table,  that  a  person  buying  Uquids  in 
winter,  will  obtain  a  greater  weight  of  the  same  material  in  the 
same  Tessel  than  if  he  bought  in  the  summer.  Thus  twenty  gallona 
of  alcohol  bought  in  January,  will,  with  the  ordinary  inereaae  of 
temperature,  become  twenty-one  im  July. 

It  has  been  proved  that  in  many  liquids  of  analogoos  diemical 
composition,  tiie  rate  of  expansion  is  nearly  uniform  at  equal 
distances  from  their  respective  boiling  points.  This  hyd  is  am- 
plified in  the  table  immediately  below.  The  figures  show  the 
volume  of  10,000  parts  of  difierent  liquids  at  72%  and  126*  F., 
below  their  boiling  points.  The  brackets  inclose  substances  of 
similar  chemical  composition. 


10,000  purtt  liquid  iited. 


I 


Volume  at  T2f* 
below  honing. 


Volume  at  I9ff> 
below  boflinf. 


Kther,       .    .    .    . 
Chlorid  of  ethyl,    . 

(Acetate  of  ethyl.    . 
Acetate  of  methyl, . 
tBromid  of  methyl, 
Bromid  of  ethyl,    . 
iIo<lid  of  methyl, 
lodid  of  ethyl, 
I  F^ousel  oil,    .     .     . 
i  Alcohol,   .... 
f  Sulphurous  ether. 


9884 
9419 
9424 
9481 
9438 
9462 
9494 
9814 
9608 
9686 
9686 


9068 
9066 

9091 
9168 
9187 
9192 
9226 
9216 


What  inference  is  drawn  in  the  case  of  alcohol  7  640.  What  is  said 
of  the  expansion  of  mercury  f  What  is  its  expansion  below  82*  and 
812M    What  correction  for  barometric  obeerrationa  are  aoggested  f 
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610.  B^MDslon  ofmnroai7. — H«rcuiT  is  the  only  liquid 
whoHc  Tuifttionain  Tolume,  throug:h  4  considerable  rutge  of  tem- 
perature, are ftlmoBt  uniform.  Between  — S2°'8  and  SiZ°  P.,  its 
expansion  for  equal  increments  of  heat  ie  rery  nearly  uniform, 
and  between  89°  and  212°  ¥.,  it  is  absolutely  sa  At  t«inpen- 
tures  higher  tban  313°,  the  expansion  is  someirhat  gre*t«r,  aa  ia 
indicated  in  the  following  table. 


82° 

0 

0 

812'' 

tAt  =  o-oooiooiooi 

212°       F. 

8fl2' 

jtVi  =  0-000102*)«1 

«0°-29  F. 

672° 

I^T  =  0-0001048020 

B»7°47  F. 

Between  SS°,  and  213°  F.,  mercury  undergo«a  tberafon  an  in- 
crease of  bulk,  amounting  to  yf^y  (iVvi  "  ^^^  *^  '''  origiial 
volume. 

As  the  Tolume  of  mercury  TsHes  with  the  pressure,  the  be^ht 
of  the  mercurial  column  in  a  barometer,  varies  not  only  with 
changes  of  the  atmospheric  pressure,  but  also  with  changes  in 
temperature.  Before  comparing  barometric  obserrations,  thare- 
fbro,  made  at  ditTercnt  times,  it  is  necessary  to  reduce  the  ob- 
served heights  of  llie  mercurial  column  to  the  height  they  would 
liare  at  some  standard  temperature.  The  temperature  selected 
in  this  country  is  (•2°  F,  ;  in   France,  (O'C)  33'  F. 

541.  Oorvei  of  expansion  of  llqnids. — In  fig.  825,  the  curres 
show  the  variations  in  expaiision  of  some  important  liquids.     In 
.12ri  each  catic,  1000  parts  of  li- 

quid at  a  temperature  of 
■^  212'F.,  istaken.     Thehw- 
£0  izontal  lines  (reading  from 
above  downwards)  show  the 
I  bulk  of  the  liquid  at  tempe- 
ratures below  the  boilhig 
point  Tiiesc  temperatures 
are  represented  in  degree* 
of  Fahrenheit's  scale  on  the 
''  left  hand  column,  and  In 
centigrade  degrees  on  the  right  hand.     A.  indicates  (he  conlrar- 


EXPANSION   or   WATER. 


887 


tion  of  mercury ;  B^  water ;  0,  alcohol ;  i>,  wood  spirits ;  E, 
formic  ether ;  F^  terchlorid  of  silicon ;   (7,  ordinary  ether. 

Thus  at  108**  below  the  boiling  poiot,  (at  104''  F.,)  1000  parte  water 
have  oontraoted  into  966  parto»  alcohol  into  931  parts,  and  formic 
ether  into  918  parts. 

543.  fizpanston  of  water. — Point  of  maodmnm  density. — ^Water 
presents  a  remarkable  exception  to  the  law  of  uniform  expansion 
of  liquids  by  heat  The  temperature  of  89° -2  F.,  is  its  point  of 
maximum  density,  and  if  it  is  either  heated  above  or  cooled  be- 
low this  poii>t,  it  expands. 

The  maximum  density  of  water  is  well  illustrated  by  the  appara- 
tus, fig.  326.  A  glass  jar,  around  the  central  part  of  326 
which  is  fitted  a  metallic  vessel,  C,  is  provided  above 
and  below  with  two  delicate  thermometers,  1 1\  en- 
tering the  sides  of  the  jar  horizontally  by  openingrs 
drilled  for  that  purpose.  After  filling  the  jar  with 
water,  a  mixture  of  ice  and  salt  is  placed  in  O,  This 
freezing  mixture  rapidly  cools  the  water,  and  the 
two  thermometers  continue  to  indicate  the  same 
temperature  until  the  water  is  cooled  to  89** '2  F. 
After  a  little  time  it  will  be  found,  that  the  lowe  r 
thermometer  remains  at  the  temperature  of  89*" '2, 
while  the  upper  one  indicates  a  lower  temperature, 
and  may  finally  reach  that  of  82"*  F. 

The  cause  of  Uieae  phenomena  is,  that  when  the  water  began  to 
be  cooled  by  the  freezing  mixture,  it  became  more  dense  and  sank, 
while  other  and  lighter  portions  rose,  and  becoming  cooled,  likewise 
sank.  By  such  a  system  of  currente,  the  whole  of  the  water  gradu- 
ally reached  the  temperature  of  39'* -2.  On  cooling  below  this  point, 
the  water  expanded,  and  becoming  thus  lighter,  the  colder  portion 
remained  at  the  surface  and  was  further  cooled  by  the  freezing 
mixture,  while  the  water  in  the  lower  part  of  the  vessel,  not  coming 
in  contact  with  the  freezing  mixture,  and  being  no  longer  disturbed 
by  currents,  remained  at  the  temperature  of  89**  "2. 

The  maximum  dimity  of  water  is,  therefore,  at  the  temperature  of 
89° -2  F:  since  at  that  point  it  occupies  the  least  possible  space,  und 
is  therefore  most  dense.  For  a  few  degrees  above  and  below  this 
point  the  density  of  water  Is  nearly  the  same. 

648.  Bffecta  of  the  unequal  expttudon  of  water.— Under  the 
influence  of  this  kw  of  unequal  expansion  in  water,  the  cold  of 


Whst  is  meant  by  the  maximum  density  of  water  7    How  is  this  law 
illustrated  by  figure  326  7 

16 
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our  most  severe  winters  produces  only  a  comparatiyely  thin  cor- 
ering  of  ice  upon  the  lakes  and  rivers.  Water  freezes  at  32",  but, 
before  that  temperature  can  be  reached,  expansion  sets  in  at  the 
sur&ce,  and  the  water,  although  colder,  is  specificaUj  lighter 
than  the  warmer  water  below,  and  consequently  floats  buoyantly 
upon  it  Ice  is  formed  only  on  the  surfiu^,  but  being  a  very 
bad  conductor,  it  cuts  off  the  escape  of  heat  firom  the  water 
below,  and  this  renders  the  fireezing  process  a  very  slow  one. 
In  fiict,  a  film  of  ice  may  be  likened  to  a  blanket,  which,  al- 
though of  itself  cold,  becomes  a  means  of  preserving  heat  by 
cutting  off  radiation. 

Lake  Superior  haa»  uniformly,  throoghoat  the  year,  the  tempert- 
ture  of  about  40°,  a  short  distance  below  the  surface ;  and  the  deep  sea 
soundings  show,  that  theses,  at  the  bottom  of  the  ocean,  even  under 
the  Golf  Stream,  is  below  the  temperature  of  maximum  density, 
which,  in  saline  solutions,  is  lower  than  in  ipure  water.  The  tempe> 
ratnre  of  the  deep  Alpine  Lakes  is  89*  "2  F.  at  all  seasons  of  the  xmr. 

644b  BCaadmum  domdty  of  difEarent  aqueous  a6hitlanB«— The 

solution  of  various  salts  in  water  has  the  effect  of  lowering  its 
point  of  maximum  density.  Thus  the  point  of  maximum  den- 
sity of  sea  water  is  25°  "70.  The  point  of  maximum  density  of 
solutions  lowers  more  rapidly  than  their  point  of  congelation, 
and  is  proportional  to  the  quantity  of  salt  dissolved. 

545.  Bzpansion  of  gases. — Gases  and  vapors,  as  might  be  ex- 
pected, being  under  the  infiuencc  of  repulsion,  expand  for  equal 
increments  of  hcdt  more  than  either  solids  or  liquids. 

The  expansion  of  air,  and  of  all  gases,  may  be  ehown  by  plunging 
the  open  end  of  a  bulbed  tube  into  water ;  a  slight  elevation  of  tem- 
perature, even  the  heat  of  the  hand,  will  expand  the  air  in  the  bulb, 
and  cause  a  part  of  it  to  escape  in  bubbles  through  the  water.  6(fi. 

540.  Laws  of  the  expansion  of  gases. — Gay  Lussac  established 

the  two  following  laws  for  the  expansion  of  gases ;  they  arc  re- 
markable for  their  great  simplibity. 

1st — All  <j(tH»  have  the  same  ro-rffiricnt  of  f.rpan$ion  as  air. 

2d. — TTiijt  rO'fjficieht  is  the  snmc^  irhatevcr  may  he  the  pra- 
sure  to  vhkh  the  gas  is  suhjected. 


543.  What  namral  effects  are  due  to  this  law  7  Whjr  is  the  thickness 
of  ice  limited  1  Why  is  the  temperature  of  Lake  Superior  and  the  Alpine 
Lakes  so  low?  544.  How  do  dissolved  salts  afFct  the  maximum  den- 
sity and  freezinf;  point  of  water  ?  545.  What  i.»  said  of  expan^ou  in 
gases]     546.  What  are  C«sy  Lussac's  laws  for  the  rxpuii^^ion  of  ^^H*e*\ 
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These  laws  are  not,  however,  quite  exact  in  eyeiy  case,  as  is 
shown  in  the  following  sections. 

547.  Ratio  of  the  expansion  of  gases  by  heat. — It  may  be 
stated  without  sensible  error,  that  air,  other  gases  and  all  vapors, 
expand  j^j  of  their  volume  for  each  degree  of  Fahrenheit's  ther- 
mometer, (343,  344.)  From  the  freezing  point  to  the  boiling 
point  of  water,  they  increase,  therefore,  more  than  one-third  of 
their  bulk;  1000  parts  at  32"  become  1866  parts  at  212°  F.  The 
expansion  of  the  different  gases  is  seen  in  the  following  table. 


Coefficient  ot  expantion 

Between  3?>  and  2l3o 

Gase*. 

for  each  degree  F. 

F.,  1000  parts  become. 

Regnaultj  Magnus. 

Ilydrogcn, 

■^  ttW 

186613 

1865-6&9 

Carbonic  oxyd, 

T¥TT 

1866*88 

V 

Atmosphcrio  air, 

TTtI'T 

1«67^ 

1866-506 

Nitrogen, 

jvii 

1866-82 

Hydroohlorio  acid, 

Tli'V 

136812- 

Carbonic  acid. 

ttIt 

1870-99 

1369-087 

I'rotoxyd  nitrogen, 

TfW 

1871-96 

Cyanogen, 

Tjij 

1887-67 

Sulphurous  acid, 

x-bhi 

1890-28 

1885-618 

The  co-eflicient  of  expansion  is  not  absolutely  the  same  for  all 
gases,  tlie  expansion  being  greatest  for  those  which  are  most  readily 
condensible,  whilst  for  those  gases  which  have  resisted  all  eflforte  to 
liquefy  them,  scarcely  any  appreciable  differences  are  observed. 

The  experinientA  of  Dulong  and  Petit  indicate,  tliat  the  co-officleDts 
of  expanftion  diminishes  as  the  temperature  risea^  Tlie  effect  of  prcs- 
Hure,  however,  is  directly  the  oppos^itc  of  this,  for  the  co-efficient  of 
exjMin.Hion  of  all  gases,  exce])t  hydrogen,  increases  with  the  pressure  ; 
hence  the  expansion  of  the  different  gasi'S  becomes  more  nearly  equal 
as  the  pressure  is  feebler. 

548.  Formulaa  to  compute  changes  of  Tolnme  In  gases. — 
Tn  physical  researches  it  is  often  desirable  to  ascertain  the  in- 
crease or  decrease  in  volume  which  a  given  gas  undergoes  by 
nieiisurcd  differences  in  temperature.  Tills  is  easily  done  by 
the  following  formula;. 

Let  V  reprtsent  the  volume  of  the  gas  at  33^  F.,  V  its  volume  at  the 
higher  temperature,  and  T'the  nnmberof  degrees  between  32°  and  the 
higher  temperature,     llie  increase  in  the  volume  will  therefore  be  ez- 

547.  What  is  the  raiio  or  co««fliclent  of  expansion  in  gases  7     How 
does  it  differ  ?     Draw  illustrations  from  the  table.     How  is  it  affected  at 
high  temperatures  and  preasures  T    548.  Give  the  formulm  CckX  «»\k?qN»?&»% 
the  changes  of  volume  in  gases,  1st  for  a  Vow«i,^4  ^oI\l^li^«^K«<v«t•^BM^. 


bf  r— «.    Aodance  the  inemtK  iBTolome  farl^  F.  m  (fivak) 
,  tbe  increase  lor  Uie  higher  tempeiaiiue  ii^ 

*     X   T.      Tberelbfe,    T— •  =  -^    x    71 
491  491 

T 
CooseqiieoUj,     T  =r  (1  x       -— )  x  «. 

If  tbe  gas  is  sobjeeted  to  a  lower  temperatnre,  it  wiffw  •  ^auam6m 
hi  volnine,  expressed  by  v — V,  and  if  T  ezpRaaes  the  munber  of  de- 
grees below  32"  to  which  it  is  ledoced,  and  ^ir  ^^  dimiiwiiua  §m  I* 
F.,  then  the  diminution  for  the  lower  temperatare  will  be 

-L-X   T.      Therelbre,  t>— r  =  —  +   T, 
491  491  ^      • 

And  theieibre. 

If  the  Toloroe  of  a  gas  at  32^  F.,  is  known,  its  ▼olaoM  mg  wmf  schv 
temperatare  above  or  below  32^  may  be  caloilated  hf  the  USkmrn^ 

RuU, 

Divide  ike  difference  between  the  number  of  degreea  in  the  iemperm- 
ture,  and  32°  by  the  co-efficient  of  expansion  of  the  ffcu,  (for  air,  491.) 
Add  the  qitotient  to  I,  if  the  temperature  be  above  32^,  tmd  wubtrm^  it 
from  1,  if  it  be  below  32°.  Multiply  the  volume  of  the  pa9  at  32®  by 
the  remiliing  number ^  and  the  product  will  be  the  tfoltane  of  the  ^mM  ei 
the  observed  temperature. 

Example  :  If  at  32°  the  Tolame  of  a  certain  quantity  of  carboBie  add 
gas  is  187'  cubic  inches,  what  is  its  Tolame  at  79°.  79 — 32  =  47.  47 
-f-  485*2  =  *09686  (j-f-g  *    co-efficient  of  expansion  of  carbonic  add 

gas.)     1.  -f-  -09686    =   1D9686.     1-09686  X   by  187,  (the   ▼clams  at 
32°,)  =  20511  c.  i.,  the  volume  at  79°. 

549.  Formulse  expressing  general  relation  between  woioM^ 
temperature  and  pressure. — The  volume  which  a  gas  oocQpies 
depends  not  only  on  the  temperature,  but  also  upon  the  pressure 
to  which  it  is  subjected,  (343) ;  the  pressure  of  a  gas  being  in 
direct  relation  to  the  volume  into  which  it  is  compressed. 

The  volume  of  a  gas  at  a  certain  temperature  and  prtssure, 
being  known,  it  is  often  desirable  to  determine  its  volume  at  some 
other  temperature  and  pressure.  The  relation  between  the  Tol- 
umc,  temperature  and  pressure,  is  expressed  in  the  following  Ibr- 
mulse. 


Give  the  Rule.     Also  the  example.     549.  What  are  the  formulie  ex- 
presiing  the  general  relation  between  volume,  temperature  and  prvMore  1 
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Am  the  Tolume  of  a  gat  at  the  'flame  temperature  ia  ioverflely  aa  the 
presaare,  if  V  and  F  be  two  Tolamea  under  the  aame  temperature,  and 
under  the  preaaurea  F  and  P* ;  then, 

P 
r  :  ir  :  :  r  :  F    and  T  =  T  X  p? 

If  T  and  T'  expreaa  the  nwnber  of  degreea  above  and  below  32^,  at 
which  the  temperature  atanda,  (4-  bebg  need  when  above,  and  —  when 
below,)  if  a  gaa  be  simultaneoualy  aubjected  to  changea  of  temperamre 
and  preasure,  the  relation  between  ita  volume,  pieaaure  and  temperature, 
will  be  expresaed  by  the  general  formulaa, 

r_    491  ±    r   ,P' 
V        491   -f    r      P. 

550.  ReUtion  between  eiqMmaiblty  and  oompmilbility^— It  ^ 
has  been  found,  generally,  that  the  most  expansible  liquids  9a^& 
the  most  compressible. 

Solids  expand  less  than  liquids,  and  are  likewise  less  compres- 
sible, while  liquids  have  a  less  expansibility  and  compressibility 
than  gases.  Among  solids,  the  most  expansible  are  generally  the 
most  easily  compressed. 

The  expansibility  of  a  substance  increases  with  the  temperar 
ture,  as  does  also  its  compressibility. 

551.  BflEeoU  and  iq;»plioatlo&s  of  the  expansion  of  gaiM.--The 

yentilation  of  apartments,  the  heating  of  buildings  by  hot  ur 
furnaces,  the  draught  in  our  chimneys,  the  trade-winds,  and  the 
land  and  sea  breezes,  are  among  the  effects  of  the  expansion  of 
air  by  heat  These  subjects  will  be  more  particularly  mentioned 
hereafter. 

552.  Density  of  gases. — ^The  density  of  gases  and  vapors  is 
compared  with  atmospheric  air  as  the  standard,  air  being  called 
1,  or  1000.  The  method  for  the  determination  of  the  density  of 
gases  is  in  principle  the  same  as  for  the  determination  of  the  den- 
sity of  liquids.  The  determinations  are  made  in  a  glass  globe,  fig. 
194,  (818,)  to  which  an  accurately  fitted  stop-cock  is  attached. 
The  globe  is  first  weighed,  when  filled  with  dry  and  pure  air^ 
and  again,  after  being  exhausted  of  air  by  means  of  the  air-pump ; 
the  difference  in  the  two  weights  gives  the  weight  of  air  contained 
in  the  flask.  The  globe  is  then  filled  with  the  perfectly  dry  gas 
under  examination,  and  again  weighed ;  the  weight  found,  less  the 
weight  of  the  globe,  gives  the  weight  of  the  gas.     The  weight  of 

55a  What  are  the  relaiiona  between  expansibility  and  oompreaaibiUti  t^ 
551.  WhatefiectaandappUcatSoneofthaexpaiMtoafA  ^* 

559L  How  ia  the  deoaitj  of  gases  deteimhied^ 


llM  gn  difidBd  bj  the  w«c^t  of  the  nme  bolk  of  air,  gmss  tiw 
■pfrifir  i^Titf ,  or  densitj  of  the  pa,  as  oompsred  with  air. 

SoBirie:  A  gha  globe  hdd  S8^  g-^'   f    ^i^hniii  afa^ni 
49-99  graias of  euboak acid.    Thr  hhtHmt  graiiij  rf thn  laiicf  ■  thwa 
ftie  4949 -t- 9B-73  =  1-599. «r  4949 :  98 ::  1000  z  l-«9. 

A  aaaibcr  of  cameUoai  ■nrtbeande,  ia  oidor  to  obcaia  the  tiat 
J— hy  of  Ac  gM  aaJemwniaatioa,  ThaediolMaoniea 
Ai  taDpentare  of  tko  air  at  die  tiaie  of  wd^hing;  anal  ba 
tka  aiaadnd  banaaelrie  Iwight,  90  ia^ea,  aad  the  aiaaiah 
C8*^K.  Ooncciioaa  ■nat  alM  be  wadff  fiiv  tte  flai  of  bygraaeapia 
taw,  ahraya  efcriag  a»  the  Jobe^  aaJ  fcr  dte  baofaaey  af  the  gjbha  ia 
theaiE. 

Bagaaah  baa  ledaeed  the  aaaiber  of  eeneetkna  aidaiatiljr 
«  If  oaaaieipoiiiDt  die  globe  ia  wUch  the  gw  ia  wai^bed  b|ra 
•^  M||*a  of  eqpal  aaa  auide  of  the  mm  gbaa    Thai  the  cociactieaB  frr 
""tta  film  of  hygiaauyie  naoirtBie,  aad  ti»  boojancf  of  the  globe  la  the 
ah«  Bia J  be  ifapfnari  witli,  as  iliey  are  eqpal  io  both  caaea 

The  BMMC  bapofftim  appHeatiooa  of  a  loMnrledge  of  the  Wearily  af 
gBKs  bave*  been  aiade  la  rlirinaiiy :  as  in  Jeiauaaiatiag 
dating  the  dieeoTerj  ofGayLuaae,  diat  the  Tohune  of  a  eompoaad 
ii  eitber  eqnal  to,  or  bean  a  rtrj  eimple  relation  to  tlie  Tolnmea  of  its 
eonstitoent  gaaea     Also,  in  caleolating  tlie  atomic  weight  of  mmieraaa 
elemeotary  snbetancea. 

553.  Table  of  the  density  of  gasea. — In  the  table  below  are 
given  the  specific  gravities  of  the  most  important  geneHj,  as  ob- 
tained bj  distinguished  authorities. 


BPBCinC  OaATITT  or  GISBB  AT  92*  r.      SABO: 


90 


Specific  gravity 
by 


Specific  ipvTity  I 


115? 


1 


!Air,      .    . 

i  Oxygen,  . 

•Hydrogen, 

Light  carbu.  hyd*n. 

Heavy  " 

Gbkmne, 

Nitrogen, 

Cyanogen, 

Ammonia, 


Carbonie  osjd, 
Garbonie  acid, 
Solpborons  acid, 
Chlorfaydrie  acid. 


1*000 

1106 

0-0691 

0-556 

0-978 

2-470 

0-972 

1-806 

0-596 

0-957 

1-529 

2-294 

1-847 


Dnmaa  ik  Boaeaan^ 


0*559       tThomson 
0-980       ^omnre 

iG.LQanc 

jDnmas  d;  BoaaMa^U 
1-818       !Gaj  Lnaeae 
0-591        iBiot,  Arago 

Cruikshank 

Dumai  Sl  BonMeagffc 

Thenard 
1-260        Biot.  Arego 


Give  an  example.  What  correctionaneed  attention  ?  Uo«p  has  Reg- 
naalt  radaoed  theie  correeiiooa  I  What  important  application  baa  beea 
made  laeheadary  of  die  density  of  gaaea?  553.  Bute  from  the  tahia 
•ooie  of  the  noie  imponant  densitiet. 
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COMMUNICATION  OP  HEAT. 

554.  Oommimication  of  best — ^Heat  is  communicated  in  three 
ways.  Ist — ^By  conduction,  (chiefly  in  solids.)  2d. — ^By  con- 
vection, or  circulation,  in  liquids  or  gases.    3d. — ^By  radiation. 

4. — Conditction, 

555.  Oonduotknu — ^Heat  travels  in  solids  slowly,  from  particle 
to  particle.  It  implies  contact  with,  or  close  approach  to,  a  hot- 
ter body.  The  end  of  a  bar  of  iron  thrust  into  the  fire,  becomes 
red-hot,  while  the  other  end  can  yet  be  handled.  Things  vary 
very  much  in  their  power  to  conduct  heat,  every  substance 
having  its  own  rate  of  conductibility. 

A  metallic  vessel  filled  widi  hot  water,  is  at  ooce  as  hot  as  its  con- 
teats,  while  an  earthen  vessel  becomes  heated  slowly.  The  metal  is  a 
good,  and  the  earthenware  is  a  bad  condoctor.  A  pipe-stem,  or  glass 
tabe,  held  in  a  spirit  lamp,  may  be  heated  lod-hot  within  a  short  dis- 
tance of  the  fingers,  where  a  wire  of  silver  or  copper  would  become  at 
once  too  hot  to  hold. 

The  progress  of  conducted  heat  in  a  solid  is  easily  shown  by  a  metallic 
rod,  to  which  are  stuck  by  wax  several  marbles,  at  equal  distances ;  one 
end  is  held  in  a  lamp,  when  the  marbles  drop  ofi*,  one  by  one,  as  the  heat 
melts  the  wax  ;  the  nearest  the  lamp  falling  first,  and  so  on.  If  the 
rod  is  of  copper,  they  all  &11  off  very  soon  ;  but  if  a  rod  of  lead,  or 
platinum,  is  used,  the  heat  is  conducted  much  more  slowly. 

Solids  conduct  heat  better  than  liquids,  and  liquids  better  than 
gases,  which  are  the  poorest  conductors  of  all.  The  metals,  as 
a  class,  are  good  conductors,  and  their  oxyds,  as  a  class,  are  bad 
ones.  The  more  atoms  of  matter  then  are  present  in  a  given  body, 
(/.  e.  the  higher  its  density,)  the  greater,  as  a  general  rule,  i8*ili 
conducting  power,  and  vice  versa. 

556.  Dei«rmliiatio&  of  the  oondnotiblUly  of  solids.— The  ap- 
paratus of  Ingenhouss,  fig.  327,  may  be  employed  to  determine 
the  unequal  conductibility  of  solids. 

This  is  a  small  copper  box,  one  side  of  which  is  pieroed  with  holes 
in  which  are  fitted,  by  means  of  oorks,  small  cylinders  of  different 
substances,  of  the  same  size,  covered  with  wax.    When  the  vessel  is 

564.  How  is  Iioat  communicated  f  655.  How  does  heat  move  in 
solids  ?  What  is  said  of  conduction  ?  Uow  is  ditference  of  conduc- 
tibility illustrated  t  What  claasea  of  substances  are  ffood  and  what 
bad  conductors  ?  66S.  How  is  Uie  uiuqmal  conduotiDility  of  toUfla 
illustrated  f 


filled  with  boiling  wmtar  or  hot  mai,  tha  wax  wUl  be  maltod  fi 
rods  In  tha  order  of  their  condnctibili^,  Ti&,  eopper,  iron, lead,  p 


821 


Uio,  glu*,  wood.    Or  snail  Wt*  of  pho*- 


phonu  mtLj  b«  pUaed  at  equal  iliitanfui 

m  the  rod*,  and  these  will  be  firad  in 

reipondiog  meoeaiioD. 

To  determine  the  relative  cmdadi- 

.  bility  of  Bolida,  the  ^ipftratua  of  !>«■- 

cpretz  may  be  emplojed,  fig.  828. 

iriei  of  prinnatic  ban^  m  i, 
'  hpBt«d  at  one  end, «,  b;  an  ai^and  lantpL 
ctTitiea,  T,  formed  in  it,  at  equal  dia- 
=  ('89  in.)  thronghodt  ita  length,  and  filled  with 
iii««arf.  Id  each  of  theee  eAiitiat  is  plaeed  a  thennometer,  whieh 
inditaCeatlieprogreniTe  propagation  of  the  heat  aloiig  the  bar.  Ban 
«f  Tarioiu  metaliara  nied.  By  healing  Uie*«  ban  noeeMiTelj  over 
a  iteady  lamp  name,  their  relative  eandneUbilitr  will  be  i  " 
by  the  timei  required  for  (hem  each  to  attain  the  u 
32S 


Each  bar  haa  a  aariei  of  ema! 


657.  Table  of  the  conductihUlty  of  aollda.— The  first  column 
of  figures  in  the  following  table  gives  the  results  obtained  by 
Despretz,  with  the  apparatus  Just  described.  In  the  second 
column  are  the  results  obtained  by  Wiedemana  and  Franz,  with 
■o  apparatus  in  which  the  temperature  of  the  bar  at  different 
parts  was  detenuined  by  means  of  a  tbermo^octrie  pile,  thus 
•voiding  the  error  in  Despretz  apparatus,  occasioned  by  the  al- 


How  ii  their  rtlativt  eonduvtibllilj  Jelermined  t  Describe  llie 
apparatus,  fig.  826.  Sfi7.  Give  tlie  eoniluctiiig  power  of  Ihe  msra 
•ommoD  tubatanees  from  the  table  aecordlng  to  different  aulhoritiee. 


CONOUGTIBILITT  OF  CRYSTALS. 
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teration  of  the  form  of  the  bar  by  the  cavities  made  for  the  ther- 
mometers, and  which  partially  destroyed  the  continuity  of  the 
metal.     The  third  column  gives  the  results  of  Becquerel. 


Gold,     .    . 

1           DetpreU. 

1  Wiedemann  &  Franz 

1        Becquerel. 

1000-0 

1000- 

1000- 

Platinum,   . 

981-0 

168- 

124-91 

Silver,   .    . 

9780 

1880- 

1451117 

Copper,      . 

898-2 

1888- 

1888-61 

Braw, 

444* 

Stee),     .     . 

218- 

Iron,      .     . 

874-8 

224- 

188-8 

Zinc,      .     . 

363-0 

876-3 

Tin,       .     . 

803*9 

278- 

212-09 

Lead,     .     . 

179-6 

1  eo- 

128-65 

Palladium, 

ns- 

217-08 

Bismuth,    . 

84- 

Marble, 

28-6 

Porcelain, 

12-2 

Brick  day. 

11-4 

558.  Oonduotibility  of  wood. — ^De  la  Rive  and  Decandolle 
have  shown  that  wood  conducts  heat  much  better  in  the  direction 
of  the  fibres  than  across  them.  The  relative  conductibility  in 
these  directions  is  as  5  to  8.  Dr.  Tyndall  has  proved  that  heat 
is  conducted  more  rapidly  in  a  direction  from  the  external  sur- 
face towards  the  centre,  than  it  is  in  a  direction  parallel  with 
the  ligneous  rings.  Hard  woods  conduct  heat  better  than  Boit, 
and  green  woods  better  than  dry. 

559.  Oonduotibility  of  crywtalM* — The  conductibility  of  homo- 
geneous solids,  and  of  crystals  belonging  to  the  monometric  sys- 
tem, is  the  same  in  every  dii^ction.  But  in  crystals  of  other 
systems,  the  conductibility  varies  in  different  directions,  accord- 
ing to  the  relation  of  the  direction  to  that  of  the  optic  axis  of 
the  crystal. 

Senarmont,  in  his  experiments,  took  thin  plates  of  crystals,  som  e 
cut  parallel  to  the  optic  axis,  and  others  at  right  angles  to  it  In  the 
ceutro  of  each  plate  a  small  hole  was  drilled  for  the  reception  of  a 
silver  wire,  which  was  heated  by  a  lamp;  the  sarfaces  of  the  crys- 
tals were  covered  by  a  thin  coating  of  colored  wax.  The  conduo- 
tion  of  the  heat  was  observed  by  the  melting  of  the  wax,  the  melted 


fi'iH.  What  18  Raid  of  the  conductibility  of  wood  f  5.'S9.  How  is 
heat  coiuluctod  in  liomogeneous  bodies!  Mention  Senarmont*8  exper- 
iments with  crystals. 

15* 
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portion  ■wnming,  with  crystala  of  the  monomotrie  ijsteiny  the  fonn 
of  a  eirelo,  and  in  the  other  s jstems^  ellipees  of  different  fonDn. 

560.  OonducttbOiiy  of  liquids. — Count  Rumford  concluded^ 
from  his  experiments,  that  li  quids  were  absolutely  non-oonductofB 
of  heat,  but  later  experimenters  hare  determined,  that  liquids  do 
conduct  heat,  but  only  to  a  y  ery  limited  degree.  That  the  ooq- 
doctibility  of  li  quids  for  heat  is  rery  sli^t,  is  shown  by  Rum- 
ford's  apparatus,  fig.  329. 

The  glass  fonnel  is  nea  riy  fiQed  with  water.    A  thermometer  tobe^ 
829  w  ith  large  bnlb,  is  so  arranged,  that  the  bolb 

isjost  below  the  sorlaoe  of  the  water.  The  stem 
passes  throogh  a  tight  cork,  and  eontaina  a  few 
drops  of  colored  liquid  at  a,  which  will  moTe 
with  any  change  in  bulk  of  the  air  eontained  in 
the  bolbi    A  little  ether poored  upon  the  nir- 
face  of  the  water  and  ignited,  does  not  eauee  any 
moTement  in  the  column  of  fluid,  (aa  may  be 
found  by  pasting  a  line  of  paper  on  the  stem 
at  one  of  the  drops  of  liquid,}  which  would  be 
the  case  if  any  sensible  warmth  was  commu- 
nicated.    The  varmth   of  a  finger,  touching 
the  bulb,  will  at  once  cause  the  fluid  to  more 
by  expanding  the  air  within.     As  the  walls  of 
the  glass  Tessel  gradually  become  hot  by  con* 
duction,  the  water  will  slowly  rise  in  tempe- 
rature.    By  heating  a  vessel  on  the  top,  there- 
fore, we  should  never  succeed  in  creating  any- 
thing more  than  a  superficial  elevation  of  tem- 
perature; at    a  small  depth  tlie  water  would,  remain  cold.     The 
heating  of  liquids  is  effected  by  means  of  currents,  as  will  he  prea- 
ently  explained. 

561.  Oonductibility  of  gases. — Gases  arc  more  imperfect  con- 
ductors of  heat  than  liquids.  It  is  difficult  to  make  accurate  ex- 
periments upon  this  subject,  from  the  readiness  with  which  cur- 
rents are  formed,  and  which  thus  diffuse  the  heat,  but  we  know 
that  gases,  when  confined,  are  almost  non-conductors  of  heat 
Thus,  substances  which  imprison  large  volumes  of  air  within 
their  pores,  as  down,  wool,  feathers,  Ac,  are  very  poor  conduct- 
ors of  heat 

560.  What  is  said  of  conduction  in  liquids  T  Describe  Count  Rumford^ 
ezperimeot,  fig.  829.  How  is  the  heating  of  liquids  accomplished  ?  561. 
What  it  laid  of  cMidnction  m  gaaeat 
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Air,  loaded  with  moisture,  is  rendered  thereby  a  much  better 
conductor  of  heat  than  dry  air,  in  the  proportion  of  280  to  80 ; 
hence,  damp  air  feels  colder  to  the  body  than  dry  air  of  the  same 
temperature,  because  it  conducts  away  the  heat  firom  the  body 
more  rapidly. 

562.  RalatiTC  condnotibility  of  solida,  liquids  and  gases. — If 
we  touch  a  rod  of  metal  heated  to  120*"  F.,  we  shall  be  burned; 
water  at  150*"  will  not  scald,  if  the  hand  is  kept  still,  and  the 
heat  is  gradually  raised ;  while  air  at  800°  has  been  endured 
without  injury. 

The  oven-girls  of  Oermany,  clad  in  garments  of  woolen  and  thiek 
so^ks  to  protect  their  feet,  eater  ovens  without  inconvenience, 
where  all  kinds  of  culinary  operations  are  going  on,  at  a  temperature 
above  300"*,  although  the  touch  of  any  metallic  article  while  there 
would  severely  burn  them. 

563.  Ihaamples  and  llliiitiiitlnpi  of  thm  non-conductCbUity  of 
solids,  or  more  correctly,  of  the  di£Perent  conducUbility  of  solids, 
are  very  obvious  to  common  observation. 

The  crust  of  the  globe  is  composed  of  poor  conducting  materials, 
and  notwithstanding  the  inteufity  of  the  central  fires  within,  the 
amount  of  heat  which  escapes  is  so  inconsiderable,  that  it  has  now  no 
sensible  influence  on  the  temperature  of  the  surface.  It  has  been 
calculated,  that  the  quantity  of  central  heat  which  reaches  the  sur- 
face in  a  year  would  not  suffice  to  melt  an  envelope  of  ice  surround- 
ing the  earth  one-quarter  of  an  inch  in  thicknes& 

Water-pipes  laid  at  a  distance  of  three  or  four  feet  under  ground, 
are  not  frozen  by  the  winter^s  cold,  because  the  soil  is  a  poor  con- 
ductor. Fire-proof  safes  are  boxes  of  iron,  constructed  with  double 
or  treble  walls,  the  intervening  spaces  of  which  are  filled  with  gy{k- 
sum,  (plaster  of  paris,)  burnt  alum,  or  some  other  non-conducting 
material  These  linings  prevent  the  exterior  heat,  in  case  of  fire, 
from  passing  to  the  books  and  papers  within.  Smelting  and  other 
furnaces  are  lined  with  fire-bricks,  because,  being  a  poor  conducting 
and  infusible  material,  they  prevent  the  waste  of  heat  Ivory  and 
wooden  handles  are  attached  to  cooking  vessels,  and  to  tea  and 
coffee  pots,  because,  being  poor  conductors,  they  prevent  the  heat 
from  passing  to  the  hand  so  rapidly  as  to  bum  it,  which  would  be 


Why  is  moist  air  colder  feeling  than  drj  air  ?  562.  Illostrete  the  rel- 
ative conductibilitj  of  solids,  liqaids  and  gases.  563.  Give  examples  of 
Don-condacting  solids.  What  of  the  earth's  crust  ?  Water-pipee  T 
Fire-proof  fafes?  Other  ezampies  f  Why  is  water  sooner  heated  in  mA- 
talUc  than  in  earthen  veaels  t 


ik«  MM  if  BMlil  haadlet  wtt«  uad.  Hot  dkhM  «•  plaoad 
inati^  (of  poor  oondiietiiig  mstoria],)  m  of  strftw  or  "wiekMr-voili; 
tbat  the  table  may  not  bo  iDJored.  Wotor  is  aoonar  hoatod  in  • 
metal  Teasel  than  in  one  of  f^Mi  or  poreelain,  booanao  the  fint  eott- 
daete  the  heat  more  rapidly  from  the  fire  than  the  others 

Boildings  eonitmeted  of  wood  and  briek  are  eooler  ia  — ■"»*»rr  aad 
-wanner  in  winter  than  thoee  of  ino,  beeaaee  tfaoy  are  poowr 
dlMtonofheak 

The  hearth-stone  feeb  oolder  than  the  wooden  flomv  and  tbii 
tho  earpet»  owing  to  the  differeiiee  in  thiir  eondiiethig  pow4 
thongh  all  are  at  the  same  temperatnre. 

664.  TJiawiplea  drawn  from  liia 
damm, — ^The  cohering  of  anlmalB  not  onljTaiieB  with  tlie  diiwil* 
iHbidi  the  several  BpedesiDhmbit,  batalao  with  the  ae— ou.  Thk 
oorering  is  not  in  itself  a  scarce  of  warmth,  but  preircnla  the 
C8C^^  of  the  yital  heat  from  within. 

Animals  in  warm  elimatee  al^generally  naked,  or  ana  eorand 
with  eoarse  and  thin  fore^  whieh  in  eold  oonntries  ere  flne^  elosa  and 
thick,  and  are  almost  perfect  non-eondaeters  of  heat    Tbe  plmsaga 
of  birds  is  likewise  formed  of  substances  which  are  poor  conductors 
of  beat,  contaioiDg  also  a  large  quantity  of  air  in  their  intersticea, 
Besides  this  protection,  the  birds  of  cold  regions  are  provided  with  a 
more  delicate  structure  beneath  the  feathers,  called  down,  which 
intercepts  the  heat  still  more  perfectly.    The  fossil  elephant  of  tho 
White  RiTer,  in  Siberia,  wss  covered  with  three  sorts  of  hair,  of  dif- 
ferent lengths,  the  shortest  being  a  fine,  close  wool,  next  the  body, 
a  protection  against  the  arctic  colds.    The  arctic  navigator  and  the 
Esquimaux,  endure  the  cold  of — 10%  or — 60%  F.  with  the  aid  of  for 
bags  and  clothes.    Animals  with  warm  blood,  which  Utc  in  the  water, 
as  the  whale  and  seal,  are  surrounded  with  a  thick  covering  of  oil  and 
fat,  acting  in  a  manner  similar  to  the  furs  and  feathers  of  land 

The  bark  of  trees  is  much  more  porous  than  the  wood,  and 
being  arranged  in  plates  and  fibres  around  the  body  of  the  tiee^ 
prevents  such  a  loss  of  heat  as  would  be  injurious  to  its  life. 

565.  Tbe  conducting  power  of  substances  in  a  pohreiiB^d  or 
fibrous  state,  is  less  than  that  of  the  same  thing  in  a  compact 
mass,  partly  because  tho  continuity  of  the  substances  is  dimin- 
ishod,  and  also  because  of  the  air  imprisoned  among  tho  particles^ 

564.  Whst  is  said  of  snimal  coverings  t  How  are  snimsls  clad  ia 
warm  climates?  What  is  said  of  the  plumage  of  birds  ?  How  is  Um 
SiberisD  elephant  clad  I  How  are  animals  in  water  protected  I  What 
is  Mid  of  the  bark  of  ttees  7 
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Saw-dnst  in  a  looee  state,  is  a  vary  poor  eonduetor  of  heat,  much 
poorer  than  tlie  wood  of  which  it  was  formed.  Ice-houses  are  built 
with  double  walls,  between  which  dry  straw,  shavings  or  saw-dust 
are  placed,  keeping  the  interior  cool  by  excluding  the  heat  Ice 
wrapped  in  flannel,  is  preserved  by  excluding  the  warm  air.  Refri- 
gerators are  generally  double-walled  boxes,  the  space  between  the 
walls  being  filled  with  powdered  charcoal,  or  some  other  porous 
non-conducting  substance.  (See  VenttkUion,)  Similar  constructed 
vessels  form  the  ordinary  water-coolers. 

Snow  is  made  up  of  crystalline  particles,  enclosing  a  large  quan- 
tity of  air  among  their  interstices,  which,  being  a  very  good  non- 
conductor, prevents  the  escape  of  the  heat  from  the  earth  and  limits 
the  penetration  of  frost,  which  always  reaches  a  much  greater  depth 
in  winters  without  snow;  than  when  snow  abounda  On  the  flanks 
of  mount  ^tna,  the  winter  snows  often  reach  near  to  the  border  of 
the  fertile  regions,  and  it  is  the  practice  of  the  mountaineers  to  cover 
tliose  parts  of  the  snow  which  they  wish  to  preserve  for  summer 
use,  with  two  or  three  feet  thickness  of  volcanic  sand  and  powdered 
pumice,  everywhere  abounding.  The  snow,  thus  protected,  remains 
all  summer  under  an  almost  tropical  sun,  and  is  distributed  from 
these  natural  ice-houses  over  the  whole  Island  of  Sicily.  There 
exists  even  to  this  day  a  heavy  bed  of  ice  near  the  summit  of  JEtna, 
covered  first  by  an  eruption  of  ashes  and  sand  several  yards  thick, 
and  subsequently  by  a  flow'of  molten  lava,  many  centuries  since. 
This  store  of  ice  has  been  opened  and  used  when  the  supply  below 
on  the  mountain  fell  short  Straw-matting,  and  other  fibrous  mate- 
rials, being  poor  conductors,  are  used  to  envelop  tender  plants  and 
trees  to  protect  them  from  severe  cold. 

500.  Clothing.— The  object  of  clothing,  like  the  furs  and  feath- 
ers of  animals,  is  to  prevent  the  escape  of  heat  from  the  body. 
Fibrous  materials,  as  wool  and  furs,  arc  best  adapted  for  clothing, 
l>e(*ausc  they  are  themselves  very  poor  conductors  of  heat,  and 
likewise  contain  air  in  their  interstices. 

Clothing  in  summer  keeps  the  body  cool  by  excludiog  the  beat,  and 
in  winter  keeps  it  warm  by  preventing  its  exit. 

The  order  of  the  conductibility  of  the  different  sabstances  used  for 
cloiliing,  is  as  follows : — linen,  silk,  cotton,  wool,  fora  Hence  a  woolen 
garment  is  warmer  than  one  of  cotton,  or  silk,  or  linen.  The  sheets  of 
a  bed  feel  colder  than  the  blankets,  because  they  are  better  conductors  of 

505.  Why  are  fibrou?  and  powdered  substances  warmer  than  solids? 
How  are  ice-hou^rcs,  refrigerators,  dkc.,  constructed  f     What  is  said  of 
snow  I    J  low  is  snow  preserved  on  Mt  i£ina?     How  can  ice  be  pre- 
served by  lava  ?     5G6.  What  is  the  philosophy  of  clov\^iv\k\    '^\s*x\BatL.- 
terials  arc  warmtsi  f     What  coolest!     Wh^  ^     VJVi.a\N«\\\  «ft\xl\^'^^^^ 


eondaetora  of  hou.    In 

ilMfallow  the  taeapeof  he«  frMB  the  bodjmore 
wliik  a  dmi  of  ftwp  do0B  woolea 
the  eold  of  winter  than  aDytfaliig«lM  caeepilDff  fan. 
of  rfadltf  won  cwiifnrring  mntorinl  JnoMftia 
woilunai  enter  a  hot  fimaoi  It  enodB 


5.  Oon/MeUtm, 

M7.  OoBvaotioo^— AttlMNig^  Ikiaida 
oondneton  of  lieal,  jet  ihtj  admit  of  boing  npiiSfy  hiHited  kf 
a  praoeaa  of  circalatloii  called  eonveeCkii,  and  wbUk  drnprniB 
v^on  the  free  mobOi^  of  their  partidei.  Thepartidwi  of  Bijrf^ 
and  pmm  in  jmmediate  oootact  willi  the  aouna  of  hmt^  b»> 
OQai|pg  wann,  and  also  apedlkaHy  lig^ifter,  rlai^  md 
anri^,  make  room  for  othen;  thia  ia  eontimied  mAQ  all  fli* 
tidea  aiUun  the  same  temperature.  Cunenta  are  thus  pnkfaioad 
both  in  water  and  air. 

668.  Oomrectioii  in  liqoida. — ^The  circulation  just  mentioDad 
may  be  rendered  Tisible  by  heating  water  in  a  flai(h  oootaining 
a  little  bran  or  amber,  (or  other  substance  of  about  the  aama  das- 
Eitj  of  water,)  oyer  a  spirit  lamp,  as  shown  in  fig.  880. 

TTie  particle!  of  liquid  at  the  bottom  of  the  Teael,  where  the  beat  b 
applied,  becomiDg  heated,  rite,  and  other  particles  of  colder  liqaid 
330  In  below  and  aopplj  their  place:    Thaa  two 

of  carrenia  are  formed.  In  the  centre  of  the  jar.  aa- 
cending  currenia  of  the  hot  particles,  and  deaoeadiaff 
cnrrenti  of  colder  particles  flow  down  the  ddea ;  tUi 
circniation  oontinoes  ontil  the  iriiole 
the  same  temperatoie.  IftheYeaaelisaUofwed  toi 
the  cunenta  flow  in  the  opposite  direetioo. 


Anything  that  chedcs  this  free  drcnktion, 
occasions  viscidity,  impedes  the  heating  of  the 
liquid,  and  likewise  preyents  its  rapid  ^^ft*4mg 

Search  and  gam,  during  boiling,  reqnim  to  be 
siantlj  stirred  for  the  pwpose  of  presenting  fresh  sorfroes  to  the 


567.  What  is  conyeetion  f  In  what  fonni  of  matter  does  it  aai  la 
carry  heatt  568.  How  is  eonyeciion  illustrated  in  liquids  T  What  ah* 
stfoeta  mptd  heating  ef  liquids  T 
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of  th«  hett,  wad  prertDtiiig  portkof  from  adbtring  to  die  bot  bottom, 
and  thus  being  baned. 

569.  Oiixr«nti  in  tho  ooean. — In  consequence  of  the  unequal 
heat  to  which  the  waters  of  the  ocean  in  different  parts  are  sub- 
jected, currents  of  great  constancy  and  regularity  are  formed. 
Under  the  tropics,  the  waters  become  highly  heated  and  flow  off 
on  either  side  toward  the  poles,  while  other  colder  currents  flow 
from  the  poles  towards  the  equator.  These  currents  are  modi- 
fied in  their  direction  by  the  form  and  distribution  of  land  and 
water  on  the  surface  of  the  earth,  and  the  rotation  of  the  earth 
upon  its  axis. 

One  of  tbeie  cnrrenta,  (called  for  that  reason  the  Gnlf  Stream,)  ia  di- 
rected into  the  Gulf  of  Mexico,  troond  tbe  western  end  of  Cuba,  and 
sweeping  through  it,  passes  by  the  narrow  channel  between  Florida 
and  the  Bahama  Islands.  It  has  a  temperatore  8**  or  10**  F.,  higher  than 
that  of  tbe  surrounding  ocean.  This  current  passes  northward,  parallel  to 
the  coast  of  the  United  Slates,  gradually  widening  and  becoming  le« 
marked,  and  finally  is  directed  toward  the  froien  ocean  and  Britirii  Isl- 
ands. It  carries  away  the  excess  of  beat  from  tbe  Antilles,  and  warm 
regions  near  the  equator,  beyond  the  western  Atlsntic,  ameliorating  tbe 
climate  of  the  British  Islands  and  ail  north-western  Earope. 

Tbe  researches  of  the  U.  8.  Coast  Surrey  have  greatly  extended  our 
knowledge  of  this  remarkable  river  of  the  ocean,  (or  rather  union  of 
many  rivers  of  warm  water,)  first  brought  to  tbe  notice  of  the  scientific 
world  by  the  illustrious  Franklin  in  1770. 

6. — Badiatian, 

570.  Radiation  of  hi&aU — ^Uot  bodies  radiate  heat  equally  in 
all  directions.  Radiant  heat  proceeds  in  straight  lines,  diyerging 
in  every  direction  from  the  points  where  it  emanates.  These  di- 
verging lines  are  called  thermal  ray$,  or  heat  rape.  It  is  gene- 
rally by  radiation,  that  bodies  become  heated  at  a  distance  from 
the  source  of  heat 

Standing  before  a  fire,  or  in  the  son's  light,  we  Isel  tbe  genial  influ- 
ence of  the  heat  radiated  from  these  sources.  A  candle^  or  gas  light, 
gives  ofi"  its  heat  as  it  does  its  light,  in  all  directions^  -  A  thermometer 


569.  How  are  currents  excited  hi  the  ocean  t  Deseribe  the  Gulf 
Stream.  Where  does  it  originate  and  where  end  ?  What  is  its  tem- 
perature 7  What  has  extended  our  knowledge  of  it  1  Who  first  called 
sttention  to  it  7  570.  What  is  radiant  beat  1  How  4o  Vn^«%  riAmsn^ 
htatt  How  does  heat  move  1  What  ate  t:beaa  Wnca  oadS^K^X  VkV«^  ^ 
iUmntkme.    571,  How  is  radiant  beat  mfSecu4\y^  iimA3a.\ 
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placed  at  eqaal  distances  from  the  flame,  in  ^ny  direction,  indicatet  thb 
same  temperature. 

571.  Radiant  heat  is  not  generally  absorbed  by  the  media 
through  which  it  passeSf  and  is  not  sensibly  affected  by  any  mo- 
tion of  the  media,  as  of  winds  in  air. 

The  rays  of  heat  from  the  sun  do  not  warm  the  air  throng  wliieb 
they  pass,  bat  proceed  to  the  earth  where  they  are  abeorbed.  The  air 
receives  its  warmth  by  conduction  and  convection,  from  the  wat&ot  of 
the  earth  thus  heated  by  the  sun. 

We  receive  warmth  from  the  fire  upon  onr  persoiWy  although  the  air 
remains  cold,  and  may  be  continually  renewed. 

The  conduction  of  heat  through  bodies,  is  probably  a  radiation  fiora 
particle  to  particle. 

572.  Intensity  of  radiant  heat — T^e  intensity  of  radiant  heat 

is  according  to  the  following  laws : 

Ist — It  18  proportional  to  the  temperature  of  the  $auree, 
2d. — It  is  inversely  as  the  square  qf  the  distance  J¥om  the 

source. 

3d. — It  is  a^  much  greater  as  the  rays  are  emitted  in  a  direc- 
tion more  nearly  perpendicular  to  the  radiating  surface. 

1st.  If  a  thermometer  be  exposed  at  the  same  distance  from  difierent 
sources  of  heat,  having,  for  example,  the  temperatures  of  100^,  150°,  and 
200°,  the  amount  of  radiant  heat  will  be  directly  as  these  numbera. 

Sd.  Thus  the  heating  effect  of  a  body  at  a  distance  of  two  feet  ia  only 
one-fourth,  at  three  feet,  one-ninth,  and  at  four  feet,  one-sixteenth  of 
what  it  is  at  one  foot  This  law  may  be  exemplified  by  supposing  two 
globes,  one  of  one  foot  diameter,  the  other  of  two  feet  diameter,  having 
a  body  equally  heated  in  both.  The  larger  globe  exposes  four  times  as 
much  surface  as  the  smaller  one  ;  consequently  each  square  inch  of  the 
larger  one  will  receive  only  one-fourth  as  much  heat  as  each  aqaare 
inch  of  the  smaPer  one,  while  the  distance  to  this  surface  is  only  twice 
as  great 

3d.  This  law  may  be  demonstrated  by  the  apparatus,  fig.  331.  In  the 
focus  of  the  mirror,  a  thermoscope,/,  is  placed.  A  A,B  B,  are  screens 
pierced  with  equal  openings.  The  vessel,  a  c,  is  filled  with  hot  water. 
The  position  of  the  index  of  the  thermoscope  will  be  the  same,  whether 
a  c,  is  perpendicular,  or  more  or  less  inclined.  And,  as  in  the  latter 
case,  there  is  a  greater  surface  exposed,  and  consequently  a  greater  nam- 

How  is  the  air  warmed  T  How  may  rodiatio'i  explain  conduction? 
572.  Give  the  rin»t  law  of  radiant  heat.  Giv**  the  second  law.  Give 
the  third  law.  What  illustration  is  tiicre  of  law  tiist  I  What  of  law 
second  )     Describe  the  apparatus  illustrating  law  third,  fig.  331. 


mnrusAL  nisunoN  or  but. 


btr  er  liM(-rari  fm  thraa^  tiw  Ktecn,  ret  u  tbc  Mine  tBM  ii  pro- 
duced, tbe  obliqaa  nyi  moM  be  Ifb  inicDM  dun  tin  petpendicnlu' rBT«> 
the  iDtcnntr  dimlniidiiliB  wilb  ibeir  abliqnllr. 

678.  Ijm.w  of  oooUsg  by  will  ■Mini  —Newton  supposed,  tlwt 


the  rapidity  of  cooling  of  a  body  wu  proportional  to  the  differ«nc« 
between  its  temperature  and  that  of  the  surrounding  medium. 
This  law  is  correct  only  for  those  bodies  differing  in  temperatuie 
not  more  than  16°or  20°  C,  (69°  to  88"  F.) 

Dulong  and  Petit  made  elaborate  inveetigations  upon  ttiia  sub- 
ject, and  determined  that  where  the  heated  body  was  placed  in 
vacuo  at  temperatures  ascending  according  to  the  terms  of  an  arith- 
metical progression,  the  rapidity  of  cooling  increased  according 
to  the  terms  of  a  geometrical  progression :  diminished,  how- 
ever, by  a  constant  quantity,  this  constant  bemg  the  heat  TV 
dialed  back  upon  the  cooling  body  from  the  walls  of  the  C0D> 
flnmg  TcsseL  If  the  temperature  of  the  vessel,  and  that  of  the 
heated  body,  were  both  raised  according  to  the  terms  of  an 
arithmetical  progression,  so  that  the  difference  between  the 
two  was  always  constant,  the  rate  of  cooling  increased  according 
to  the  terms  of  an  arithmetical  progression. 

Radiation  is  found  to  take  place  more  freely  in  vacuo  than  in 

&74.  Univenal  ladlatlon  of  heat. — Heat  is  radiated  from  all 
bodies,  at  all  timee,  whether  their  temperature  be  the  same  or  dif- 
ferent from  surrounding  bodies ;  for  it  is  the  tendency  of  heat  to 
place  itself  in  equilibrium. 

Id  an  ■paftmeol  where  all  dia  irtlcln  are  of  the  mmt  temperataie, 
each  teceivcaai  mucb  beataa  it  tadiaw^  uid  coaKqnentlr  ibeir  lempe- 

573.  Wbaidid   Ncwtoo  tappoae  reipeclint  cooling  1     Wbat  it  lb* 
bcll    Wbat   Itlve  DnioDf  and  Pclll  demoDMralcdl    ^n».\  ^a  la^^  <& 
ndiitiatitnvaetMt   574WhatliMldoliham\«Twi««*>^*'^^*»»-^ 
HowbiUlllBMnlcdl 
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rature  remains  stationary.  Where  some  bodies  are  warmer  than  others, 
the  warmer  radiate  more  than  they  receive,  until  finally  all  attain  the 
same  temperature.  Hence  ail  bodies,  however  cold,  will  warm  bodies 
colder  than  themselves  ;  thus  frozen  mercury,  placed  in  a  cavity  of  ice, 
will  be  melted  by  the  heat  radiated  from  the  ice. 

575.  Apparent  radiation  of  oold  takes  place  when  two  para- 
bolic mirrors  are  placed  opposite  to  each  other,  haTing  a  delicate 
thermometer  in  the  focus  of  one,  and  a  mass  of  ioe  suspended  in 
that  of  the  other.  The  temperature  of  the  thermometer  will  be 
seen  to  fall,  apparently  by  the  radiation  of  cold  from  the  ice.  The 
true  explanation  is,  that  the  thermometer  is  warmer  than  the  ice, 
and  radiating  more  heat  than  it  receives,  thus  loses  heat^  and  the 
temperature  falls.  If  the  thermometer  had  been  at  a  lower  tem- 
perature than  the  ice,  the  phenomenon  would  have  been  reversed, 
and  the  ice  would  have  been  cooled.  The  following  remarkable 
instance  of  the  apparent  focalization  of  cold  is  explained  in  a 
similar  manner. 

If  a  parabolic  mirror  is  placed  with  its  axis  pointing  towards  the  too, 
the  heat-rays  will  be  reflected  to  the  focus  of  the  mirror.  Bat  if  the 
mirror  be  turned  so  as  to  face  the  clear  blue  sky,  its  focus  becomes  a 
focus  of  cold,  and  a  delicate  thermometer  placed  at  that  point  will  sink, 
in  clear  weather,  some  degrees  in  the  day  time,  and  as  much  as  17"  F. 
at  night.  This  phenomenon  is  thus  accounted  for  ;  the  thermometer  is 
constantly  radiating  heat  in  all  directions  ;  the  mirror,  being  a  paraboloid, 
reflects  to  its  focus  only  those  rays  that  come  in  a  direction  parallel  to 
its  azia  In  that  direction  no  rays  come,  for  there  is  no  source  to  reflect 
them,  consequently  the  temperature  of  the  thermometer  falls.  If  a  clood 
passes  over  the  axis  of  the  mirror,  the  thermometer  instantly  rises  to  its 
usual  height. 

57G.  Reflection  of  heat. — Ooi^jugate  mirrors. — Radiant  heat, 
like  light,  is  rellcctod  at  the  same  angle  at  which  it  falls  upon 
any  reflecting  surface.     Tliis  law  in  respect  to  light  will  be  fiilly 
illustrated  in  the  chapter  on  that  subject 

If  a  piece  of  bright  tin  plate  is  held  in  such  a  position  as  to  reflect  the 
light  of  a  clear  fire  into  the  fiice,  the  sensation  of  heat  will  be  felt  the 
moment  the  light  is  seen. 

Conjugate  mirrors. — The  reflection  of  heat  may  be  shown  in  a  sUll 
more  striking  manner  by  the  apparatus  called  the  coojagnte  mirrors,  fig. 


575.  IIow  is  the  apparent  radiation  of  cold  »'xplnined  ?  What  ex- 
ample of  this  apparent  radiation  is  alfordcd  by  the  clear  sky  }  How  is 
this  phenomenon  explained  \  57G.  llow  is  heat  reflected  i  Iliuatrate 
this. 


/" 
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332,  consisting  ef  two  sinular  parabolic  mirrors,  arranged  exactly  oppo< 
site  to  each  otlier  at  a  distance  882 

of  ten  or  twelve  feet.  In  the 
focus  of  one  mirror  is  placed  a 
heated  body,  as  a  mass  of  red- 
hot  iron,  and  in  the  other  a  por- 
tion of  an  inflammable  sub- 
stance, as  gun-powder  or  phos- 
phorus. Certain  of  the  heat-rays 
pass  directly  from  A  to  B,  the 
greater  part»  however,  reach  B, 
by  being  twice  reflected.  The 
mirror,  If,  reflects  the  rays  emit- 
ted from  A,  in  a  direction  parallel  to  its  own  axis ;  these  are  receired 
by  the  second  mirror,  M,  and  by  reflection  are  conveyed  to  the  locus,  B, 
igniting  the  gun-powder  or  phosphorus  placed  at  that  point 

The  reflection  of  heat  in  vacuo,  takes  pkce  according  to  the 
same  laws  as  in  air. 

577.  Determination  of  reflective  power. — ^Different  bodies 
possess  very  different  powers  of  reflection.  This  is  well  illus- 
trated by  the  apparatus,  fig.  333,  designed  by  Leslie. 

The  source  of  heat  is  a  cubical  tin  canister,  M,  filled  with  boiling  water. 
A  plate,  a,  of  the  substance  333 

whose  reflective  power  is  to  be 
determined,  is  placed  between 
the  mirror  and  its  focus.  The 
rays  of  heat  emitted  from  3f, 
which  are  directed  apon  the 
mirror,  N,  are  reflected  upon 
the  plate,  a,  and  from  this, 
upon  the  bulb  of  the  thermo- 
scope,  placed  at  the  point 
where  ihe  rays  are  brought  to 
afocusL     The  temperature  in- 

dicated  by  the  thermoscope  ia  found  to  vary  with  the  natore  of  the 

plates. 

The  causes  which  modify  the  reflective  power  of  bodies  will  be  given 
(with  examples)  hereafter. 

578.  AbsorptiTe  power.— -Different  bodies  possess  very  diffe- 
rent powers  of  absorbing  the  heat  thrown  upon  them.  The  ab- 
sorptive power  of  a  body  is  always  in  the  inverse  ratio  of  its  ro- 


Explftiu  the  conjugate  mirrore  and  their  action,  fig.  832.     How  is 
boat  reflected  in  vacuo  f    677.  How  ia  the  different  reflective  power 
of  bodies  illustrated  I    Describe  Leslie's  an^talUM,  ^.  ^^'?..    ^^^. 
liow  u  absorption  related  to  reflection  ot  YieaXl 


flecttve  power;  thit  is^  the  best  raflecton  m  Hit 
bents,  and  wee  mtml  The  sum  of  the  reflected  and  alaotbad 
heat^  howerer,  is  not  quite  equal  to  the  whole  amount  ef  Ibe 
beat  thrown  upcsn  the  body,  beeanae  e  amaU  portioa  ia  lefleclad 
ixregnlariy  in  all  directiona. 

Hie  abaorptire  power  of  bodlea  dm j  be  detenBlaed  hf  m,  BMABoatfn 
of  the  apparmtoa,  fig.  33S.  At  die  feeet  ef  dw  ndnort  Jf^  la  plaeed  At 
belb  of  a  diermoacope,  which  is  aeoceadvdf  eoterad  with  ^Qfcent  arib- 
ataoeea^  a*  with  lampbladi,  Indian  inli,  gaa  he,  ■*— IHtr  leeC  Ae^ 
Leille  haa  been  the  prineipal  experimenter  in  this  department  of  heat 
The  nambeia  in  tlie  fidlowinf  table  dSfier  aooMwlMt  fimn 
tafawd  bf  Ledie.  They  are  die  molta  of  die  ekboiale 
ef  ILK.  de  lar  Provoaiaye  and  Demim^  and  eonfinaad  by 


JUJUtifidih." 


8BM»ke  blaekened  sorlaee,      .    •    .    . 

Garbonafte  of  lead, 

Writing  paper, 

Ohm, 

China  ink, 

Oomlac,  

SilTer  foil  on  ^aas, 

Geatlron,  polnhed 

Mereory,  jinearly,) 

Wroof^t  iron,  polished, 

Zino  poUahed,  .    .   • 

Steel, 

Platinnm,  thick  coat^  impMy  polished, 

*•  on  copper, 

"  leaves, 

Tin 

Metallic  mirrors  a  little  tarnished, 

*'        "         nearly  polished,    .    . 
Brass,  cast,  imperfeetly  polished,  .    . 

"    hammered,  imp  "         .    . 

«  "        highly  polished, 

••       east, 
Copper,  coated  on  iron, 

"  Tarnished 

"           hammered,  or  cast,    .    .    . 
Gold  plating, 

"    deposited  on  polished  steel, 
SilTer,  hammered,  and  well  polished, 
cast,  and  well  polished. 


M 


100 

100 

98 

90 

85 

7« 

27 

25 

28 

28 

19 

17 

24 

17 

17 

14 

17 

14 

11 

9 

7 

7 

7 

14 

7 

5 

8 

8 

8 


Why  is  the  earn  of  theseqoantities  never  eqoal  f  How  is  ebaorp- 
tire  power  determined  7  who  was  the  chief  aathority  on  thia  mid> 
Jeetl  Who  have  more  lately  corrected  Leslie's  resnltsf  GiTe  «ac 
aaipieB  aeleeted  from  the  table.  How  are  the  different  abaortiliTtt 
power  of  bo^ei  mnebrtXed  t 


BMISSITB  POWEB. 
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All  bimck  and  doll  iiir&cet  whmnb  heat  rtry  rapidly  when  exposed  to 
its  action,  and  part  with  it  again  slowly  by  secondary  radiation.  The 
difierent  powera  of  absorption,  possessed  by  the  different  colors,  may  be 
illostrated  by  repeatiDg  Franklin'a  experiment  Pieces  of  the  same  kind 
of  cloth,  of  different  colors,  were  placed  npon  the  snow ;  the  black  cloth 
absorbed  the  most  heat,  so  that  after  a  time  it  sank  into  the  melted  snow 
beneath  it,  while  the  white  cloth  produced  bat  little  effect ;  the  other 
colored  cloths  produced  intermediate  effects.  Ranfed  according  to  their 
absorbent  powera,  we  have,  1.  Black,  (warmest  of  all,) ;  2.  Violet ;  3. 
Indigo ;  4.  Blue  ;  5.  Green  ;  a  Red ;  7.  Yellow  ;  and  6.  White,  (cold- 
est of  all.) 

579.  Bjooiagtv  pow«r« — ^The  emissive  power  of  bodies  is  the 
property  they  possess  of  giving  out  heat ;  it  vtriM  very  greatlj 
with  different  substances.  The  emissive  and  absorbent  power 
of  bodies  are  always  equal  to  each  other. 

Leslie  employed  in  his  experiments  the  apparatus,  fig.  333.  A  bolb 
of  a  thermoscope  wss  placed  in  the  focus  of  the  mirror,  the  other  bulb 
being  protected  from  the  radiant  heat  by  a  screen.  The  cubical  vesssl 
containing  boiling  water,  has  its  lateral  faces  covered  with  difierent  sub- 
stances, which  are  snceessively  turned  toward  the  mirror* 

The  table  below  gives  the  results  as  obtained  by  Lediis.  Itsrajjlilack 
possessing  the  grestest  emisBive  power,  is  called  100.  •^' 


Lampblack, 

lUO   Indian  ink, 

88    Polished  lead,       19 1 

Water,  (by  calc'n,) 

100 

Ice, 

85 

Mercury                iO 

Writing  paper. 

98 

Minimum, 

80 

Polished  iron.        15 

Sealing  wax, 

96 

Plumbago 

76 

*«  sUve^  liB/ 

Crown  glass, 

90 

Tam'd  lead. 

46 

"  ooppir,  gold,  12 

M.  M.  de  la  Provostaye  and  Desain,  and  also  Melloni,  in  more  re- 
cent investigations  upon  the  metals,  have  obtained  results  differing 
from  those  of  Leslie. 


Rough  sHver,  (deposited 

on  copper,)  M6 

Burnished  silver  "  ehem.  8*86 
Burnished  platinum,  9.60 
Sheet  copper, 4*90 


Lampblack  being 
Pure  rolled  silver, 

"  burnished  silver. 
Rolled  platinum, 
|Gold  in  leaf, 


100 

8-00 

2*60 

10-80 

4-28 


580.  Oaoaea  which  modify  the  eminlf*^  abeorbent  and 
fleotiTepowere  of  bodies. — ^The  reflective  power  being  inversely 


Who  devised  the  mode  of  experiment  f  Name  the  colon  in  the 
order  given.  679.  What  is  emissive  power  f  What  apparatus  did 
Leslie  experiment  with  on  this  subject  I  What  are  his  results  f  How 
have  these  been  modified  and  by  whom  f 
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proportional  to  the  others,  any  causes  which  incrcafic  thetn  di- 
minishes it,  and  the  contrary. 

Not  only  do  different  bodies  possess  the  powers  of  reflection, 
absorption  and  emission  in  different  degreep,  but  the  physical 
condition  of  the  material  effects  them  in  an  important  manner. 
So  also  the  o>)liquity  of  the  incident  rays,  the  source  of  beat, 
and  the  thickness  of  the  superficial  layer,  exercise  great  in- 
fluence 

The  absorbent  and  emissive  powers  of  metallic  plates  are  dimin- 
ished if  they  are  hammered  or  polished.  The  op|)08ite  effect  is  pro* 
duced  if  the  plates  are  scratched  or  roughened.  This  ia  doubtless 
owing  to  the-fihaiige  iu  density  which  the  superficial  layers  of  the 
plates  undergo  by  these  operations.  For  the  same  reason,  tlie  refitC' 
tive  power  of  a  substance  ie  generally  increased  by  polishing  or  ham- 
mering, and  diminished  by  roughening  or  scratching  it ;  which  latter 
also  causes  a  portion  of  the  heat  to  be  irregularly  reflected.  That 
this  is  the  true  explanation  is  probable  from  the  fact,  that  if  aach  ma- 
terials as  ivory  or  con!  are  takon^  whose  density  will  not  be  chanf^ed 
by  roughening  or  polishing,  the  reflective  ond  absor1>ent  powers  re- 
main the  same.  The  thicknofts  of  the  piipcrficial  layer  has  an  influ- 
enee  on  the  reflective  power  of  bodies.  Leslie  covered  a  mirror  w  ith 
suceessive,coatingp  of  varuinh  ;  tlic  rrllection  diminished  as  the  niiiu- 
ber  of  layers increnc«(Ml,  until  tlieir  thickness  aniountid  to  tweiity-lSre 
thousandths  of  a  niille  metro,  (ti-n^jn  ni.  ni.,)  when  it  rvinainvl 
constant.  While  a  vesj^el  covered  with  lovers  of  varnish  or  jelly 
had  its  emissive  power  incretts<:d  with  the  numlxT  of  layers,  uuiii 
they  reached  wixt ecu.  (with  a  thickness  of  n*n:U  m.  m.,)  when  it 
remained  coiislunt,  even  upon  the  addition  of  other  layoi's.  Tlie  ab- 
sorbent power  of  suljstnnoe8  varie-s  witli  the  nature  of  the  source  of 
heat.  Tliiifl  a  oubetauce  covered  witli  white  lead,  absorbs  all  the 
thermal  ray»  from  copper,  lieated  to  212  F. ;  Ttrt  of  tho9e  from  in- 
candescent phit ilium  ;  o'i  of  those  from  an  oil  lamp.  Lampblack  i* 
the  only  sulK-'tanoe  wliich  absorbs  all  ilw  thermal  rayu.  whutowr  be 
the  »»ourec  of  heat.  This  subject  will  he  more  particularly  cons  id- 
ere<l  hereafter. 

The  ah#(»rptive  power  varies  with  the  iiieli nation  of  the  incider.t 
rays,  the  smaller  the  angle  of  ineideiioe  theirn-ater  i.-*  the  absorption. 


68n.  What  cans*-'*  modify  the  omi.»>ivA,  ali-^nrhi-nt  and  rofloetiv« 
powers  of  hodii-.4?  Il]n>*ti-ate  this.  Why  phoiiM  liainmerini;  or 
polishing  atfect  tlie«ie  ]»ow«'rs?  What  elV»M-t  ha-*  tlie  thicknfjis  (if  jiii- 
]>erfieial  lavi'i's  on  rt-tlei'lioTi  nnd  what  tMi  ♦■mi— ivf  ]io\ver?  WhiiT 
varies  the  ubuorbtive  powi-r  of  siili»tani-i'>  f  lltiw  i.t  ii  alt'ected  bf 
obliouity  of  raynf     jiow  i  ■  it  in  ph)--s  and  fuital  suriaoi'sif 
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This  it  one  of  the  reasons  irby  the  sun  heats  the  earth  more  in  sum- 
mer and  less  in  winter. 

The  reflective  power  of  glass  increases  with  the  angle  of  incidence, 
bat  with  metallic  surfaces  the  same  proportion  is  reflected  at  all  in- 
cidences np  to  70^,  beyond  this  the  proportion  of  reflected  heat  di- 
minishes. 

581.  Applicatioiui  of  the  powera  of  reflectioii,  absorption  and 
radiation  arc  often  made  in  tho  economical  uso  of  heat  We 
shall  refer  only  to  the  more  familiar  examples. 

Meat-roasters  and  Dntch-ovens  are  constructed  of  bright  tin,  to 
direct  the  heat  from  the  fire  upon  the  article  cooking. 

Hoar  frost  remains  longer  in  the  presence  of  the  morning  van 
upon  light  colored  objects  than  upon  the  dark  soil,  baaause  the  latter 
absorbs  much  of  the  heat,  while  the  fonner,  refleotidg  it,  remain  too 
oold  to  thaw  the  frost.  Water  is  slowly  heated  in  bright  metallic 
vessels,  as  in  a  silver  cup  or  a  clean  bright  kettle,  because  they  are 
poor  absorbents,  bat  if  the  sides  and  bottom  of  the  vessels  become 
covered  with  soot,  the  water  is  heated  quickly. 

To  keep  a  liquid  warm  it  should  be  contained  in  a  vessel  composed 
of  a  poor  radiating  material.  Hence  if  tea  and  coffee  pots,  Aa«  are 
made  of  polished  metal,  they  retain  the  heat  much  longer  than  tiioee 
which  liave  a  dull  surface  or  are  composed  of  earthanrnMUL^^,^- 

Stoves  of  polished  sheet- iron  radiate  less  heat,  but  ka^pfiol  longer 
than  those  mude  of  cast  iron  with  a  rough  and  dull  surfaca. 

Pipes  conveying  steam  should  be  kept  bright  or  thonNlighly  eoY- 
ercd  with  felt  or  cloth  until  they  reach  the  apartments  to  h%  wanned, 
and  there  their  surfaces  should  be  blackened  in  order  to  fliTor  the 
process  of  radiation. 

582.  BCirrora  and  roflecton  arc  spherical  or  parabolic  surfaces 
of  glass  or  metal  highly  polished,  serving  to  concentrate  at  one 
point  luminous  or  thermal  rays.  Parabolic  mirrors  have  been 
before  named  (570.)  A  spherical  mirror  is  a  section  of  a  sphve 
whose  concave  surface  is  brilliantly  polished.  In  order  to 
apply  to  a  spherical  mirror  the  laws  of  reflection  from  plane  sur- 
faces it  is  supposed  to  be  made  up  of  an  infinite  number  of  im- 
measurably small,  flat  faces — a  ])olygon,  with  an  infinite  num- 
ber of  faces.  The  rays  reflected  from  these  surfaces,  come  to- 
gether at  one  point,  called  the  focus,  propagating  intense  heat 

681.  What  utM3  ii>  made  in  culinary  operations  of  the  lawA  of  reflec- 
tion 7  Why  U  hoar  fro^t  not  8oom>i*t  mvltcd  on  light  colored  ohji'oti*  f 
Why  U  WHttT  slowly  hfiitcd  in  a  bright,  and  nipidly  in  a  blark  kettle  f 
How  uro  liquids  k«'pt  wunu?  How  sliould  t>tcum-pipe:«  beMrranicefl 
for  convoying  and  emitting  heat?  682.  What  are  mirr<\Te'  v«  x^- 
floctorsf    How  do  they  concentrate  beall 
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Eircher  tnd  Anthemioi  conitnicted  compound  mirrora  of  wonderful 
power,  bat  the  moet  remarktble  was  that  oonatmcted  by  BuARml  Hii 
mirror  was  composed  of  one  handred  plane  glass  mirroiv,  silvered  on  the 
back,  and  hinged,  so  that  they  formed  a  spherical  sariace.  Thim  produced 
a  concave  mirror  whose  focal  distance  might  be  varied  at  pleaaare.  With 
this  apparatus  Buffon  melted  sliver  at  one  hundred,  leftd  at  oos 
hundred  and  forty  feet,  and  kindled  wood  at  two  hundred  feeL  This 
renders  the  story  of  Archimedes'  and  Procut  credible. 

7. — Trcmsmissum  of  radiant  heat, 

583.  Tranamission  of  radiant  heat — ^Ligfat  passes  thrangh  aU. 
transparent  bodies  from  whateyer  source  it  may  oome.  The  rays 
of  heat  from  the  sun  also,  like  the  rays  of  light  from  the  smme  la- 
minary,  pass  through  transparent  substances  with  little  diange 
or  loss.  Radiant  heat,  however,  from  terrestrial  sources,  whether 
luminous  or  not,  is  in  a  great  measure  arrested  by  many  trans- 
parent substances  as  well  as  by  those  which  are  opaque. 

The  glass  of  our  windows  remains  cold,  while  the  heat  of  the  an, 
passing  through  it,  warms  the  room.  But  a  plate  of  ^aas  held  before 
the  fire  will  stop  nearly  all  the  heat,  although  the  light  will  be  undi- 
minished. 

Mclloni  terms  those  bodies  which  transmit  heat  diatherfnanon$^ 
or  diathermic^  (from  the  Greek,  dia,,  through,  and  thermaitw,  to 
heat,) ;  tiiose  bodies  which  do  not  allow  this  transmission  of 
heat  are  termed  athermaiioui^  or  adiathermic^  (from  alpha,  pri- 
rative,  and  thermaino.) 

It  appears  that  many  substances  are  eminently  diathermanous, 
which  are  almost  opaque  to  light ;  smoky  quartz  for  example. 

M.  Prevost  of  Geneva,  and  M.  De  la  Roche  in  France,  in  1811 
and  1812,  discovered  many  of  the  phenomena  of  diathermanous 
bodies,  but  it  is  from  the  beautiful  researches  of  Melloni,  in  1882 
— 1848,  that  our  knowledge  upon  this  subject  has  been  chiefly 
derived.  Melloni,  called  by  De  la  Rive  "  the  Newton  of  heat,** 
died  of  cholera  at  Naples,  in  Aug.  1854. 

584.  Melloni's  apparatus. — The  apparatus  used  by  Mclloni  in 
his  researches  upon  the  transmission  of  heat,  is  represented  in 
all  iU  essential  details  in  fig.  334. 


How  is  the  surface  of  a  spherical  mirror  coiiooived  off  What  ef- 
fects will  such  mirrors  produce?  T^Hiat  is  said  of  Buffun's  mirror t 
What  did  it  do  ?  683.  What  is  said  of  the  truiiKiiiiwion  of  light  and 
heat  by  media?  How  i;<  this  with  re!»i>«'et  to  terrestrial  heat  f  How 
does  a  pane  of  glasA  ilIu^t^ate  this?  Define  Melloni's  tenus,  diather- 
mic, d:c.    Are  opacity  to  light  and  heat  associate  qualitie«? 


y^ 


9   AFFARATDS. 


At  one  cad  of  ibe  gradiuud  metallic  bar,  £  L,  is  pliced  the  thermo- 
mnliipllcr,  m,  fig.  334,  lod  Id  caDnecilon  with  ii,  by  fine  wirn,  A  B, 


ihe  •nauatio  gBlTUlomelFr,  i).  Upon  the  stand,  o,  it  placed  ihe  soarce  of 
beat ;  inthia  cue  aLooateUilamp.  Fia  a  doable  acreen  to  pTereiit  the 
rndiaiion  of  ibebeai  rmn  the  source,  and  is  lowered  at  iha-monent  of  ob- 
aeiTBiion.  £  ia  a  perfbrated  acreen  which  iltawa  onlf  •  MiWte'qHjitilr 
of  rayi  lo  paea  Ihiough  il  and  la  rail  upon  O,  which  repnaenli  Ihe  aub- 
ainncF  whow  ilinihermic)'  ia  to  be  dclennined. 

In  exjietimrnting,  the  aoiuee  of  heat  ia  placed  at  aoch  a  diatance, 
that  whrn  F  a  removed,  ihe  heat  directed  upon  m,  will  canaa  the 
needle  of  Ibe  galvanameler  to  toare  Ihruu^h  30".  The  acreaa,  F,  ia  then 
raised,  and  llir  plale,  C,  to  be  exprriinented  upon,  ia  placed  aponthe  uland. 
When  the  needle  of  ihe  galvanomeler  has  returned  to  0°,  (ila  normal  po> 
altion.)  the  screen,  F,  ia  removed.  The  proportion  of  heal  trnnamilled 
through  the  plate,  C,  it  ibcn  indicated  by  the  arc  of  vibration  of  the 
needle,  aver  ihe  dial  plate  of  D.  Tlie  conalniction  of  the  galranio  Bgl- 
tipller  and  ihermoscope  will  be  more  particolnrtr  de«eilbed  in  Iha  llif- 
ler  on  ihermo-eleclricil]'. 

68r>.  InfluBnca  of  Um  tmbatanoe  of  tha  aoraaBB. — In  experi- 
mcittinj;  with  liquidw,  tlicy  were  pliiced  In  glass  cells.  The  eti^ 
tuniofU<|ui<l«nHU'21  m.  ixi.  ( '3112  in. )  in  thickocss.  The  source 
of  licat  uxeJ  was  an  argnnd  oil  lump. 

Who  lure  enntri1iut-il  li>  onr  Itociwlvdgii  in  tllia  deparfmi'nt,  and 
wbiiit  GHt.  Ih-vrilH'  M<4l"iil*.'<  apimratn*,  tig.  3S4.  Ilow  in  (he  np- 
inntii*  n«r.l  (  What  inrliciktn>  tin-  hent  t  ana.  Wlwt  wa*  llii>  mode 
of  ux)HTiin(.'nt  on  liquidii,  and  what  aourcv  uf  hvut  won  um.>dt 
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BSAI!. 


Of  100  inddait  nja. 


Bisolphid  of  otrbOD,  (eoloriMi^ 
Bidbdorid  of  ni^ih.,  (red  btrownj 
Terchlorid  of  phosplunnii^ 
Essence  of  inrpentme, 
GoUm  oil,  (yellow,) 
Olive  oil,  (greeniih,) 


62- 
81- 
80- 
180* 


Bthflr, 

Snlphvrie  Mid,  (eolori«% 

8iil])lkiirie  mead,  (ttowm,) 

Nitneaieidy 

AlooM, 

DHtiUad 


The  independenoe  (^  tnuuqpweocj  and  dMbmnamcj 
Men  in  the  abore  table;  the  bisolphid  <^  oarbon 
three  times  as  many  heat-imya  as  edier,  tonr  tfanes  m  nma^  m 
alcohol,  and  more  than  flye  times  as  many  aa  wntar,  mHK^j.^ 
these  liquids  are  equally  transparent  and  oohnlesa. 

The  quantity  of  heat  transmitted  through  diilfarant  aolUb  of 
the  same  thidmess  is  rerj  TsriaUe,  as  is  sbowa  ia  tiie  Iblknrfa^ 
table. 

586.  Influeiioeof  the  nature  of  the  ionroeb — ^The  nature  of  the 
source  of  heat  exercises  a  great  influence  on  the  diathermic 
power  of  bodies.  Melloni,  in  his  experiments,  used  four  difir- 
cnt  sources  of  heat ;  they  are  indicated  in  the  table  below. 

DIATHEUfACT  OF   DDTEBIMT  BOUDA. 


Each  plate  wao  2-<S  m.  m.  (1  in.)  think. 

r  Naked 
1  flame. 

platimiin.|73#^|  S^TJ 

Rock  salt,  (limpid,) 

92-8 

92-3 

92-3 

9%t 

Silician  sulphur,  (yellow,) 

74- 

77- 

60- 

64- 

Fluor  spar,  (limpid,) 
Rock  salt,  (cloudy,) 

72- 

69- 

42- 

83- 

66- 

66- 

66- 

66- 

Beryl,  (greenish  yellow,) 

.46- 

88- 

24- 

20- 

leeliiid  spar,  (limpid,) 

89- 

28- 

6- 

0' 

PUte  glass. 

89- 

24- 

6- 

0* 

Quartz,  (limpid.) 
Quartz,  (smoky,) 

88- 

28- 

6- 

3- 

87- 

28- 

6- 

3- 

White  topaz. 

sa- 

24- 

4- 

0" 

Tourmaline,  (dark  green,) 

ls- 

16- 

8- 

0- 

Citric  Acid, 

11- 

2- 

0- 

0* 

Alum, 

9- 

2- 

0- 

0* 

Sugar  candy,  (limpid,) 

8- 

1-          0-     1 

0- 

ninstrate  the  relations  of  transparency  and  diathermaey  in  flaids  br 
the  table.  686.  AVhat  influence  has  the  nature  of  the  source  oa 
tranamisai&onf  What  sources  were  used  ?  Illustrate  the  relation  of 
tranqpareney  and  diathermaey  in  solids^  from  the  table. 
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Those  solids  which  are  transparent  to  light  do  not  necessarily 
allow  the  passage  of  heat,  and  vice  versa.  Thus  sulphate  of  cop- 
per transmits  the  blue  ra3rs  of  light,  but  entirely  arrests  the  rays 
of  heat  Again,  black  mica,  smoked  rock  salt,  and  opaque  black 
glass,  transmit  a  considerable  portion  of  the  heat-rays,  but  pre- 
vent the  passage  of  light 

From  the  above  table  it  appears,  that  rock  salt  is  the  only  sub- 
stance that  permits  an  equal  amount  of  heat  firom  all  sources  to      ^^^ 
pass   through  it      Melloni  experimented   with  plates  of  this      ^|^ 
substance  of  a  thickness  varying  from  one-twelfth  of  an  inch  to 
two  or  three  inches,  and  in  all  cases  92 '3  of  100  rays  incident 
upon  them  were  transmitted.     The  loss  of  7 '7  per  cent  being 
due  to  a  uniform  quantity  which  is  reflected  at  the  two  surfaces 
of  the  plate.     Rock  salt  is,  therefore,  to  heat,  what  clear  glass  is 
to  light,  and  well  deserves  the  name  which  Melloni  gave  it,  of  the         ^ 
glass  of  h^at 

587.  Other  oauaes  which  modify  the  diathermic  power  of 
bodies  are  the  degree  of  polish,  the  thickness  and  number  of  the 
screens,  and  also  the  nature  of  the  screens  through  which  the 
heat  has  been  previously  transmitted. 

The  quantity  of  heat  which  a  diathermic  body  traocmiti^  inereatet 
with  the  degree  of  polish  of  its  surface.  The  diathermic  power  of 
a  body  diminishes  with  its  thickness,  although  according  to  a  less  ra- 
pid rate.  Thus  with  four  plates  whose  thickness  was  as  the  num- 
bers 1,  2,  3,  4;  of  1000  rays,  the  quantity  absorbed  by  each  was, 
rei>pectively,  619,  677,  668,  649.  So  that  beyond  a  certain  thickness 
of  the  body,  the  quantity  of  heat  it  can  transmit  remains  nearly 
constant  Rock  salt  is  the  only  exception  to  this  law ;  it  always  al- 
lows the  same  quantity  of  heat  to  pass  through  it,  at  least  for  thick- 
nesses between  2,  and  40  m.  dl,  (0787  and  1*676  in.) 

Tlie  increase  of  tlie  number  of  screens  produces  a  similar  effeet  to 
an  increase  of  thickness.  If  many  plates  of  the  same  kind  are 
placed  together,  they  absorb  more  heat  than  one  plate  having  the 
combined  thickness  of  several,  owing  to  the  numerous  surfaces 

The  thermal  rays  which  have  passed  through  one  or  more  diather- 
mic bodies,  are  so  modified,  that  they  pass  with  more  facility  through 
other  diathermic  bodies  than  direct  rays  doi.  Thus  the  heat  from 
an  argand  lamp,  where  the  flame  is  surrounded  with  a  glass  chimney, 

What  thicknoM  of  plates  was  used  t  What  solid  admits  the  passage 
of  moHt  rayn  of  heat  from  all  sources!  What  has  Melloni  called  itt 
687.  What  other  circura»t«nce«  modify  diathermacyT  How  doea 
thiekucM  of  screens  aifect  it  f  Uow  if  the  number  of  screens  ia  in* 
creased  ?  How  do  rays  from  a  naked  and  glasa-co^ct^NasK^-^^ssA 
pass! 


SM 


n^K 


# 


differs  mneh  In  its  transmiHibUity  from  the  bMt  of  aLo«AteIli  Ump, 
where  the  flame  is  free  and  open.  Thosin  m«king  use  of  aa  aigaad 
lamp  surrounded  viUi  a  glass  chimney,  and  a  Looatalli  lamp  whiah 
is  not  thus  protected,  Melloni  obtained  the  following  rasnltsL 


Of  100  rnji. 


Rock  salt  transmitted, 
Iceland  M>ar        *' 
Quartz  (bmpid)  Uaekened,  trana. 
Sulphate  of  lime*  " 

Alum.  " 


AifMd  Isinp.   Ijoeasein  toaip.' 


92 


SI 
SO 
12 


9a 


19 

7 


688.  Thannoohroay,  or  hsaUeoloraHon^  {tkmrmo^  heat;  and 
ehromoy  color.) — As  Newton  has  shown  that  a  pmcil  of  white 
light  is  composed  of  different  colored  rays,  which  are  miaqarily 
absorbed  and  transmitted  by  different  media»  and  which  may  bt 
combined  together  or  isolttad,  so  Melloni  argues  from  his  naaki^ 
that  there  are  different  species  of  calorific  imys  emitted  aimidl^ 
neously  in  rariable  proportions  by  the  diffbrast  aooroea  of  hea^ 
and  possessing  the  property  of  being  transm^Msd  more  or  lea 
easily  through  screens  of  various  substances. 

If  a  pencil  of  solar  light  falls  successiFely  upon  two  plates  of  eoi. 
ored  glass,  one  red  and  the  oilier  bluish-green,  it  will  be  wholly  ab- 
sorbed, the  second  plnte  absorbing  all  the  rays  tranamitt«d  by  the 
first  This  is  precisely  analogous  to  what  may  happen  with  a  ther- 
mal pencil,  its  entire  absorption  being  caused  by  passing  it  through 
two  media  successively,  each  of  which  absorbs  the  rays  tranamitted 
by  the  other.  Viewed  in  this  manner,  it  may  be  said  that  rock  salt 
is  colorless  as  respects  heat,  while  alum,  ice  and  sugar-candy,  ara 
almost  black.  It  is  a  fact  of  common  observation,  that  snow  melts 
more  quickl}*  under  trees  and  bushes  than  in  those  spots  which  re- 
ceive the  direct  rays  of  the  sun.  This  is  proved  by  Melloni  to  be 
owing  to  the  fact,  that  the  rnys  emitted  by  the  heated  branehea  are 
of  a  different  nature  from  the  direct  rays  of  the  sun,  and  more  eaaily 
absorbed  by  snow  than  the  latter. 

580.  Applications  of  the  dlathermacy  of  bodies. — ^Tho  air  is 
undoubtedly  very  diathermic,  or  else  the  upper  layers  would  be 
heated  by  the  solar  rays  passing  through  them,  while  the 
we  know  to  be  true. 


Illustrate  this  fn>m  the  table.  688.  What  is  thermochro#vf  II- 
lustrate  it  by  the  analogy  of  white  li^ht.  How  do  rt»d  an^  bine- 
green  glass  uffe<«t  iH>lar  liirht  ?  Wiiat  analotn'  i:*  xhonr  in  the  effect  of 
screens  on  heat  ruys  ?  Why  dot^s  hikiw  mJlt  (Hmuut  lH*neiith  trece 
than  in  open  spaces  I  68U.  \V  hy  is  t  htt  air  ju  Jg<*d  to  be  diathermoust 
Name  illmtratSous  from  the  arts  aud  Y^hy^vc&l  ^.'icvvrimcnts. 
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In  certain  processes  of  the  arts,  workmen  protect  their  faces  by 
a  glass  mask,  which  allows  the  passage  of  the  light  but  arrests 
the  heat 

Plants  are  often  reared  under  close  glass  vessels,  (Wardean 
cases,)  the  solar  rays  alone  penetrating  into  the  interior. 

In  certain  physical  experiments,  where  heat  is  to  be  avoided, 
the  light  is  first  passed  through  a  solution  or  plate  of  alum, 
whereby  the  heat  i$  arrested.  On  the  contrary,  if  the  heat  is 
directed  upon  rock  salt  covered  with  lampblack,  the  light  is  ar- 
rested but  the  heat  passes  through  undiminished. 

590.  Probable  independence  of  light  and  heat. — Certain  of 
Melloni's  experiments  would  seem  to  prove  the  independence  of 
light  and  heat 

By  transmitting  a  Bolar  beam  firtt  through  a  glaas  vetsel  filled 
with  water,  which  stopped  the  less  refrangible  rays,  and  then  through 
a  peculiar  green  glass  tinged  with  copper,  which  stopped  the  more 
refrangible  rays,  a  greenish  beam  was  obtained,  which,  although  con- 
centrated by  leasee^  produced  no  evidence  of  heat  upon  the  most  deU« 
cate  thermoscope. 

A  similar  separation  of  heat  and  light  is  effected  in  nature  in  the 
light  reflected  by  the  moon.  Dr.  Wollaston  received  the  beam  of 
the  full  moon,  concentrated  by  a  powerful  lens  of  Sir  Jos.  BankaT,  hi 
his  eye,  without  feeling  the  least  heat  M.  Melloni  obtained  only  an  ex- 
tremely feeble  indication  of  heat  by  concentrating  the  rays  of  the 
moon  by  a  lens  over  three  feet  in  diameter,  and  directing  the  bril- 
liant focus  of  light  upon  the  face  of  a  very  sensitive  thermo-multiplier. 

591.  Close  analogy  between  heat  and  light — The  more  care- 
fully the  phenomena  of  light  and  heat  are  studied,  the  more  per- 
fect does  the  parallel  between  radiant  heat  and  light  become. 
Besides  the  analogies  already  mentioned,  radiant  heat,  like  light, 
may  be  polarized,  (see  light,)  and  Knoblauch  has  recently  ob- 
tained distinct  evidence  of  the  diffraction  and  interference  <^  the 
rays  of  heat 

592.  Refraction  of  heat — If  a  ray  of  heat  or  light  passes 
from  one  medium  to  another  of  different  density,  the  ray  is  bent 
more  or  less  out  of  its  path,  and  on  emerging  into  the  original 
medium,  resumes  again  its  original  direction. 

690.  What  experiments  indicate  the  independence  of  bent  and 
lij<ht?  1ft  the  mtK>MV  light  aecomixiuied  by  beat?  Moiition  tbo  evi- 
dence. 591.  Wbat  is  HAid  of  the  clo«*e  anidogy  l»etween  beat  and 
light  I    Uow  is  this  illostrated  1    69i.    What  is  refraction! 


866 


EMLT, 


Tliiii  if  »  ny  of  hetft,  S,  fidk  obliqiMly  upon  a  diatli«mie  body. 


in  fig.  a85,  ito  diroetioii  it  altered  ••  It  e«ta* 
the  objeet,  m  from  ^  to  2*,  and  it  eo&tiBo« 
in  iti  new  direction  in  e  straight  line  uotil 
it  leeyee  the  body,  when  it  again  reeames  a  di- 
rection, T  F^pendlel  to  its  first  ooona. 


698.  Xionar— Hie  burning  g^ass  or  doable  oonT«x  Imm,  bv 
the  form  shown  in  fig;  886.    The  axis  (^  the  lens  is  the  slnight 

line  MF,  pMsing throng^  theecn- 
trai of  the ftoes.  Theibcii^  jF^h 
the  point  where  the  refrmctad  i^ 
oonyerge  after  being  tniMmitted 
3^throag^  the  lens.  It  is  oolj  with 
a  kns  (^  rock  salt^  that  the  nys  ^ 
all  our  sonroes  of  heat  can  be  .eon- 
dcnsed,  for  a  lens  of  glass  ^^IMa 
Only  the  solar  rays,  and  beccnnes  itself  heated  1^  artaflcial  best 
A  lens  of  tee  was  made  in  England  in  1763,  having  a  diameter  of  t 
metres,  (118*113  in.,)  at  whoeefocos  gnn-powder,  paper, and  other  eem- 
bnstibles  were  inflamed.  Burning  glasses  have  generallj  more  power 
than  mirrors  of  equal  diameter.  Both  prodoce  their  more  intense  efieen 
on  high  mountains  after  a  fall  of  snow,  for  then  the  air  is  Iree  from 


tore,  and  the  solar  rays  lose  less  of  their  intensity  in  passing  throogh  iL 


CALORDCETRT. 

8. — Spec\fic  htat 

594.  Oalorimetry,  {calor,  heat,  and  metron,  measure,)  is  the 
measurement  of  the  quantities  of  heat  which  different  botlics 
absorb  or  emit  during  a  known  change  in  temperature,  or  when 
they  change  their  state.  Water,  having  the  highest  spedfie 
heat,  is  selected  as  the  standard  of  comparison  in  these  experi- 
ments. 

The  thermal  unit,  in  this  country  and  in  England,  is  the  quan- 
tity of  heat  which  is  necessary  to  raise  a  pound  of  pure  water 

593.  llow  doci^alonsiufft'ot  hctit-rays?     Explain  the  I>uniing  gUus 

from  fig.  S:t5.     Whut  is  vaid  of  ioe  for  a  lon^f     When  are  the  Xf^tt 

effects  of  burning  gludo  eccn  >     Why  ?     594.  Wliut  is  calorimetr^*  t 

^  What  is  the  standard  of  comparison  f     W  hat  is  the  thermal  unit  here  I 

What  in  Eoropef 
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from  82^  to  88<>  F.  In  France,  and  in  Europe  generally,  the 
tHermal  unit  is  the  quantity  of  heat  necessary  for  raising  one 
kilogramme  (2-20486  lbs.)  of  water  from  0°  to  1°  0  (  =  82"  to 
33"-8  F.) 

595.  Specific  heat — ^Different  bodies  have  different  capacities 
for  heat ;  that  is,  equal  weights  of  different  bodies  require  une- 
qual quantities  of  heat  to  raise  their  temperature  a  certain  num- 
ber of  degrees.  If  equal  weights  of  water  and  mercury  at  the 
same  temperature  be  placed  over  the  same  source  of  heat,  it  will 
be  found,  that  the  mercury  becomes  heated  much  more  quickly 
than  the  water.  That  when  the  water  is  heated  10"*  the  mercury 
will  have  become  heated  330*" ;  the  capacity  of  water  for  heat  is, 
therefore,  33  times  as  great  as  that  of  mercury.  Each  substance 
in  this  regard  has  its  own  capacity  for  heat  This  relation  is 
called  calorie  capacity ^  or  more  commonly,  9pee\fie  heat 

Three  methods  have  been  devised  for  determining  the  specific 
heat  of  bodies :  these  are,  1st,  the  method  of  mixture ;  2d,  the 
melting  of  ice ;  8d,  by  cooling. 

596.  Method  of  miactore. — ^This  method  is  exceedingly  simple 
in  theory,  and  approximate  results  may  thus  be  easily  obtained. 

If  a  pint  of  water  at  150''  be  mixed  quickly  with  a  pint  at  60** 
F.,  the  two  measures  of  water  will  have  a  temperature  of  100% 
or  the  arithmetical  mean  of  the  two  temperatures  before  mixture. 
If^  however,  a  measure  of  mercury  at  60°  be  mingled  with  an 
equal  measure  of  water  at  150°,  the  temperature  of  the  mixture 
will  be  118°.  The  mercury  has  gained  48°  while  the  water  has 
lost  32**.  Hence  it  is  inferred,  that  the  same  quantity  of  heat 
can  raise  the  temperature  of  mercury  through  twice  as  many  de- 
grees as  that  of  water,  and  that  the  specific  heat  of  water  is  to 
that  of 'mercury  as  1  :  0*47  when  compared  by  measure. 

If,  however,  equal  weights  of  these  bodies  be  taken,  the  re- 
sulting temperature  is  then  still  more  in  contrast  A  pound  of 
mercury  at  40°,  mixed  with  the  same  quantity  of  water  at  166**, 
produces  a  mixture  whose  temperature  is  162*8.  The  water 
loses  3° '7,  while  the  mercury  gains  11 2° -8,  and  therefore,  taking 


595.  Wliat  is  specific  heat?  Illastrate  this  from  water  and 
mercury.  What  is  their  relative  capacity  for  heat!  Uow  in  regard 
t<>  other  bodies  7  Wliat  methods  are  given  for  determining  specific 
heat?  59().  Dcitorihe  the  method  of  mixtnrea.  Is  the  comparison 
made  by  weight  or  measnre  7  Illiistrate  it  from  the  case  of  mercury 
and  water.     Uow  it  it  applied  to  solids  f 


tbe  specific  hntofmterul.Uuit  of  th6meTcui7  will  beOiM^ 
unce, 

8*7  ;  1-  :  :  112"-8  :  x  =  (0<I88.) 
In  detenniningtli*  ipedfialieat  of  ■oLidibjthUtaetliod,  kwd^aj 
nukM  of  oeh  nibaUnee  ii  heated  to  tlie  proper  degree,  and  U  tktB 
plunged  into  >  meunre  of  -water  of  known  tempentnre  »aA  vdgbt 
Hie  el«TBtIoii  of  tempentnre  prodoetd  Ib  smIi  caM  ia  carvfbDy  BoUi 
597.  Mslhod  of  fndan  of  Ice. — This  method  ia  fbunded « 
the  quantitj  of  ice  melted  b;  diffircat  bodies  in  ooolin^  tlir^w^ 
the  same  number  of  degrees. 

The  most  simple  foim  of  experiment  coDsista  in  placing  As 
heated  body,  W,  whose  specific  heat  is  to  be  detannined,  in  s 
csrity  made  in  a  compact  block  of  ice,  fig.  887,  and  then  d»- 
387  sing  the  csvi^  by  a  plate,  (,  of  the  aame  ntatoMl 
_  During  the  cooling,  a  definite  we^it  of  the  ios  k 
b  melted,  and  the  spedflc  heat  is  determined  tarn 
eight  of  the  fusion-water  produced  as  cob- 
Iparcd  with  the  temperature  and  weight  of  the  «ob- 
'stancc  under  trial  Several  sources  of  error  attarh 
to  this  method  of  experiment.  Laroisier  and  Laplace  coDtriTed 
the  appnntus,  fig.  338,  called  a  calorimeter.  It  consists  of  three 
vesEi'ls  niadc  of  sheet  tin  or  copper.  In  the  interior  vessel,  e^ 
pierced  with  holes  and  closed  by  a  double  cover,  ia  placed  the 
Eubstaocc  whose  specific  heat  is  to  be  determined.  This  is  ea- 
838  lircl)   surrounded  Ly  ice  contained  in  the 

second  vessel,  b,  and  also  on  the  cover.  In 
order  to  cut  off  tlie  heat  of  Ihe  surrounding 
air,  the  exterior  vessel  a,  is  also  filled  with 
ICC  The  water  from  the  ice  melted  in  tlut 
outLF  vessel,  passes  off  by  tbc  stop-cm^  r. 
Tlie  body  in  the  interior  vessel,  cooling, 
milts  the  ice  surrounding  it,  and  the  water 
from  it  flows  olT  through  the  stop-cocfc,  4, 
and  IS  wei>;hed. 

Tlie  Apccitiv  beat  of  ilifTerent  «ulMtaneM  b 

determini'i]  in  tlii«Bppiinitiii' by  llii' <:oni|Minilive  velgbtiuf  tbe  wat<r 
produced  during  the  cxperiineut; ;  in  whli^li  a  certain  weight  of  <aA 


Ga7.  What  ia  tbc  Sd  in^lhn.lt  I}<-'cnl>«  tij:.  3.17.  Dtwcribe  the 
ealorimeter  of  lAvoi^irr,  tig.  3SB,  and  iu  uw.  lluw  is  hjicclfie  hcrt 
mcaenred  byUua.    llowin  eapvut  a  liquidt    What objectiona  eztet 
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body  cools  from  an  agreed  temperatare,  f.  g.y  (212°  F.,)  to  82®,  the 
constant  temperature  of  the  vessel  C 

The  >pecific  heat  of  a  liquid  is  determined  by  placing  it  in  a  ves- 
sel, as  of  glass,  whose  8j)ecifie  heat  is  known.  The  amount  of  ico 
melted  by  the  liquid,  is  the  whole  quantity  of  water  produced,  minus 
that  which  would  be  melted  by  the  glass  alone. 

Tliis  method,  though  excellent  in  principle,  is  subject  to  many  in- 
accuracies, which  render  the  results  incorrect, 

598.  Method  of  oooling. — ^This  method  is  founded  on  the  dif" 
fercnt  rates  of  cooling  of  equal  masses  of  different  substances ; 
those  having  the  greatest  specific  heat  cooling  most  slowly. 

Equal  volumes  of  the  bodies,  whose  specific  heat  is  to  be  de- 
termined, are  placed  successively  in  a  very  thin  metallic  vessel, 
in  the  centre  of  which  is  a  delicate  thermometer.  Solids  must 
be  reduced  to  powder  in  order  to  render  their  conductibility  as 
equal  as  possible.  The  vessel  containing  the  body  under  exam- 
ination, is  surrounded  by  a  second  vessel,  maintained  at  a  con- 
stant temperature,  or  better,  in  a  vessel  from  which  the  air  is  ex- 
hausted. The  times  required  to  cool  the  bodies  a  certain  number 
of  degrees,  as  from  212*  to  GO**,  compared  with  the  time  required 
to  cool  water  through  the  same  thermomctric  interval,  represents 
approximately  the  specific  heat  of  the  bodies  in  question. 

5yi>.  Specific  heat  of  gases. — The  specific  heat  of  gases  is  either 
the  quantity  of  heat  which  is  necessary  to  raise  the  gases  1°  in 
temperature,  compared  either  with  an  equal  ireight  oftcater^  or 
with  an  equal  volume  of  air.  The  specific  heat  of  gases  is  gen- 
erally determined  when  under  a  constant  pressure,  but  some- 
times when  confined  within  a  given  volume. 

GOO.  Tables  of  the  specific  heats  of  solids,  liquids  and  gases. — 
In  the  following  tables,  the  first  column  gives  the  specific  heat 
of  different  elementary  solids  and  liquids  as  determined  by  Reg- 
nault. 

The  second  column  gives  the  atomic  weights,  (on  the  hydrogen 
scale,)  and  the  numbers  in  the  third  column  are  the  product  of 
the  multiplication  of  those  in  the  first,  by  those  in  the  second 
colunm.     The  law  deduced  fi*om  this  relation  is  given  in  604. 


598.  What  is  the  third  methc»d  f  On  what  is  it  founded  f  How  is  it 
iipplied?  Ib)\v  to  solids?  What  precautions  are  used f  In  what 
t«r:i»"4  are  tlie  n  -ult  *  olitaiiiod  ?  r»yi».  What  is  the  pptH'ifio  heat  of 
pi-t"  ?  How  is  it  geucruily  determined  ?  Wliat  is  the  mode  iu  com- 
parison with  air  ? 

16* 


BOUSib 
Wttor  -lOOl 


Mtmet.                ®P*^  **'**^  1 

P- 

C.p. 

Aluminum,  .    .     .    | 

0-2148 

19-7 

2-94 

Sulphur,  .    . 

0-2086 

16- 

8-24 

Iron,    .    . 

01188 

28- 

8-19 

Cobalt,     .    , 

0-1070 

99% 

8-16 

Nickel,     .    . 

t  ■ 

0-1086 

29-6 

8-21 

Copper,    • 

.     Ot)858 

81^ 

8-Ot 

fflnc,    .    . 

0^0956 

82-6 

8-12 

Selenium,     , 

0-0762 

40- 

8M 

Tin,     .    . 

a0562 

6»- 

8-81 

PUtinum, 

0-0824 

98-7 

8-20 

Lead,  .    .    . 

0-0814 

108^ 

8-26 

• 

PhoBphoroB,      .    .     1        0*1887 

81- 

S*88 

Arsenic,    .    . 

0-0814 

76* 

6-10 

SUver,      . 

0-0670 

106- 

6-16 

Iodine,     . 

0-0641 

127- 

6-87 

Antimony, 

0-0508 

120-8 

6-11       1 

Gold,  .    . 

0-0324 

197- 

6-88 

Biemuth»  . 

0-0808 

208- 

6-41 

UQUIDS . 


Mercur}%  (liauid,) 
Mercury,  (solid.) 
Bromine,  (liquid,) 
Bromine,  (solid.  IS^C. 


0-08381 
0-03241 
0*11094 
0-08432 


100 

100 

80 

80 


8-88 
8-24 

6-74 


J 


The  following  table  of  the  specific  heat  of  gases  contains  the 
results  OS  obtained  by  Delaroche  and  B^rard. 


"Simple  gases 
or 
mixtures. 


For  the  same 

volume 
air  Iwing  1. 


A  ir,      •     •  «  . 

Oxygon,   .  .  . 

Hvdrogvn,  .  . 

Nitrogen,  .  . 

Compound  gases. 

Carbonic  acid, 
Protox.  nitrogen, 
defiant  gas, 
|(>xyd  of  carbon. 


For  the  same 

weight 

airberngl- 


I'lKKJ 
01»:66 
0*9088 
1-000 


1-2588 
1*3608 
1*6630 
1*084(> 


1*00 
0*8888 
12-3401 
1-0818 


0-8280 
0-8878 
1*67  08 
1  *0805 


For  the 


1. 


0-2669 
0-2861 
0-2936 
0-27M 


0-2210 
0-2369 
0*4207 
0-2884 


J 


too,  Vfhai  is  shown  in  the  tables  here  given! 
for  iron,  andmcrcwy,  anOiV'^-vito^^Tv. 
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601.  Meohanloal  oompreaslon,  afieoting  ipeoifio  heat. — ^Any 
change  affecting  the  relative  distance  hetween  the  particles  of  a 
body,  varies  its  specific  heat 

C02.  Decreaae  of  temperature  In  the  atmosphere  from  eleva- 
tion.— The  specific  heat  of  aeriform  bodies,  like  that  of  solids 
and  liquids,  increases  by  condensation  and  diminishes  by  rare- 
faction. The  continued  diminution  in  temperature  as  we  ascend 
in  the  atmosphere,  *is  due  chiefly  to  this  cause. 

The  average  diminution  in  temperataro  in  ascenoing  from  the  sea 
level  is  1°  F.  for  every  300  feet.  Sapposing  the  average  temperature 
of  the  air  at  the  level  of  the  sea,  near  the  equator,  to  be  80°,  and 
toward  the  poles  0°,  the  figures  in  the  second  and  third  column  of 
the  following  table  will  express  approximately  the  temperature  at 
different  elevations. 

Decrease  of  temperature  in  the  atmosphere  from  eUtatUm. 


Aintndcinfeet 

Equatorial 
temperature. 

Arctic 
temperature. 

0- 

80" 

0° 

6,000- 

64° -4 

—  18°-6 

10,000- 

48° -4 

—  37°-8 

16,000- 

8r-4 

—  68°-8 

20,000- 

12°-8 

—  82°-l 

26,000- 

—  7°-6 

— 109°1 

30,000* 

—80° -7 

— 140°-8 

603.  Specific  heat  of  the  same  body  in  a  liquid  or  solid  atata. 
A  body  in  the  liquid  state  has  a  greater  specific  heat  than  when 
it  is  in  the  solid  form,  as  might  naturally  be  concluded  fi-om  the 
fact,  that  the  addition  of  heat  is  necessary  to  convert  the  solid 
into  a  liquid. 

Thus  ice  has  a  specific  heat  of  0*505,  water  being  1000,  sulphur 
(solid,)  0-2026 — fluid,  0-2840 ;  phosphorus,  between  46°  and  — 6% 
0-1887,  at  212^  02045,  Ac. 

The  high  specific  heat  of  water  moderates  very  greatly  the  rapid- 
ity of  natural  transitions  from  heat  to  cold  and  from  cold  to  heat, 
owing  to  the  largo  quantity  of  heat  emitted  or  absorbed  by  the  ocean 
in  Accommodating  itself  to  variations  in  external  temperature. 


601.  How  does  mechanical  compression  affect  specific  heat!  602. 
llow  do  condensation  and  the  reverse  affect  the  specific  heat  of  gases! 
What  is  the  aveni^e  diminution  of  temperature  in  ascending  in  the 
air?  Illurttrut.«»  iliet^e  difFerences  from  the  table.  608.  How  do  the 
specific  heatH  of  the  same  substance  as  solids  and  liquids  compare  f 
illustrate  this  from  the  table.  How  does  the  «9«c\&c  VtaX  «A  -^^^aa 
affect  climate  7 


8» 

«M.  BidaftlOBlMlWMntlMqMfiobM^aidatoHiiovitgUrf 
dflBMnlib — ^Dulong  and  Petit,  from  their  reaearcheB  upon  the  d- 
emonta,  were  led  to  conclude,  thjLt  the  ultimate  atoms  of  all  db- 
mentB  possessed  the  same  capacity  for  heat,  and  they  aooofdin(;|lj 
announced  the  law,  that, 

The  ipee\fie  heat  Hff  elementary  ntbetancee  i$  in  invene  rmtie 
t0  their  atomic  weighte. 

This  law  appears  to  be  true  for  most  of  tl|e  elementa,  as  will 
be  seen  by  examining  the  table  of  atomic  weights  and  mptdic 
heats  in  GOO.  It  will  be  noticed,  that  the  one  hMareases  in  al- 
most the  exact  proportion  in  which  the  otiior  diminishes,  anl 
that  by  multiplying  them  together,  a  yery  nearly  constant  {■•> 
duct  is  obtained.  Some  elements,  as  those  given  in  the  lower 
part  of  the  table,  gives  a  product  (CXp)  double  of  the  otfacn. 
So  that  equivalent  weights  of  these  would  contain  twioe  as 
heat  as  equivalent  weights  of  those  first  given. 

605.  The  zelalion  between  the  ^Moifio  heat  and  i 
of  compounds  is  expressed  by  Regnault  in  the  following  law. 

In  all  compound  bodied  containing  the  same  number  qfatomt 
and  of  similar  chemical  eonetitution^  the  specific  heate  are  in 
inverse  ratio  to  their  atomic  weights, 

9. — Liquefaction  and  solidification. 

60G.  Ijatent  heat — During  the  conversion  of  a  solid  into  i 
liquitl,  or  of  a  liquid  into  a  gas  or  vapor,  a  certain  quantity  of 
heat  disappears  which  is  not  perceptible  for  the  time  to  the  ther* 
mometer  or  to  the  senses.     This  is  called  latent  heat. 

GOT.  Disappearance  of  heat  during  lique£Bu:tion. — That  a  large 
quantity  of  heat  disappears  during  the  liquefaction  of  a  solid  is 
apparent  from  the  following  experiments. 

Let  a  pound  of  ice  and  a  pound  of  water,  each  at  the  tempera- 
ture of  3*J°,  be  exposed  to  the  same  source  of  heat  in  precisely 
similar  vessels.  It  will  be  found,  at  the  moment  vi'hen  all  the 
ice  is  melted,  that  the  water  into  which  it  is  converted  h««  stiQ 
the  temperature  of  '^2^ ;  while  the  temperature  of  the  other  pound 

604.  What  did  Dulong  and  Petit  infer  rcii^pcoting  atomic  weightf 
and  specific  hoata  of  elemental  What  ia  their  law  f  How  ia  tbtf 
law  iUu»trated  in  the  tahlo  in  6i>o^  What  numbers  produce  a  eoa- 
etont  prtuluctf  (itij.  AVhut  h  the  relation  between  tho  s|H*cific  heat 
and  atomic  weiifht^t  of  iMiin|M>tiii(l>  f  <;i\o  Kfirtiniilt's  law.  What 
exceptions  are  the^^)  law:«  >uhji-et  tuf  t;<*(i.  Whut  is  lutvnt  heat  V 
What  chanffea  give  evidence  of  itt  (iu7.  What  experiuient  iJliM* 
trates  the  duappeaxance  ot  Vioax.  «\>iTvu^V\<\\\%&W:Nl\vi\xX 
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LATENT  HBAT. 
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of  water  has  risen  from  82*"  to  174''.    As  both  have  reoeived  t&«-^ 
same  amount  of  heat,  it  follows,  that  the  142°  which  have  dis- 
appeared,  have  been  used  in  converting  the  ice  into  water,  and 
have  become  latent 

If  a  pound  of  water  at  212^*  be  mixed  with  a  pound  of  pow- 
dered ice  at  32'',  when  the  ice  is  melted  the  two  pounds  will  have 
the  temperature  of  only  62" ;  the  ice  gains  only  19°  while  the 
water  loses  161°.  Here  again  142°  have  disappeared  or  have 
become  latent 

608.  liique&ction  and  congelation  are  always  gradual,  owing 
to  the  absorption  or  evolution  of  heat  during  these  processes. 
If  this  was  not  so,  water  at  32°  would  immediately  become  ice, 
upon  losing  the  smallest  additional  portion  of  its  heat,  and  on  the 
other  hand,  ice  would  suddenly  pass  from  the  solid  to  the  liquid 
state  by  the  smallest  addition  of  heat 

This  fact,  coupled  with  the  law  of  irregular  expansion  of  water, 
will  explain  why  ice  never  acquires  any  very  great  thickness.  The 
high  specific  heat  of  water  acts  to  moderate  the  natural  changes  of 
tempcraturesL 

009.  Table  of  latent  heat — The  most  accurate  experiments 
upon  this  subject  have  been  made  by  M.  Person ;  he  concludes 
that,— 

The  latent  heat  of  fusion  is  obtained  hy  multiplying  the  dif- 
ference between  the  specific  heat  of  the  substance  in  its  liquid 
and  Holidformy  by  the  quantity  obtained  by  adding  the  number 
250  (an  experimental  consUmt  furnished  by  researches  upon  the 
latent  heat  of  water)  to  the  melting  point  of  the  substance  in 
question. 


TABLE  OP   LATENT  HEAT. 


°F. 

Water 
=  1 

°F 

Water 
=  1 

Water, 

1  142«6 

ltM»0      ! 

Cudinium, 

26-44 

0171 

Nitrutc  nilvor, 

113-84 

07(H       1 

Bi:»inuth, 

22^6 

0169 

"         putat^h, 

86-20 

0-6»8 

Sulphur, 

15-86 

0118 

Zinc, 

6i)-63 

0-866      1 

Lfcad, 

9-65 

0*007 

SilvtT, 

87-92 

0-266 

Phosphorus, 

9-06 

0008 

I  111, 

26  06     0  179       J 

Mercury, 

6-11 

0-036 

Give  the  particulars.  How  much  heat  disappears  in  tin's  expcri- 
iiK'iit  f  How  is  the  siime  itivX  otherwise  illuKtrated  ?  G08.  Why  are 
]i<{iu*fa('tiori  and  con^elntioti  gradual?  What  if  this  wai*  nut  s<»| 
Kxnlain  this  niuro  particularly.  Why  is  the  air  chilled  wheu  suovr 
and  ice  melt  t  609.  What  is  Person's  law  T«g«t^iv%\aX«DX  \MriW 
Explain  the  table. 
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The  number  in  the  second  ocdnmns  mkj  be  emiBidend  as  the 
nmnber  of  pounds  of  wtter  that  ooold  be  rmiaed  1*  F.  bj  thf 
heat  emitted  during  the  oongelfttion  of  one  pound  of  mmdtk  of  the 
substances  included  in  the  table. 

610.  Freesing  wkKSbamL — Solids  cannot  paas  Into  the  fiqoid 
state  without  absorbing  and  rendering  latent^  a  certain  amount 
of  heat  If  the  heat  necessary  Ibr  the  lique&ction  is  not  sup- 
plied jfrom  some  external  source,  the  body  liquefying  will  ^ 
sorb  its  own  sensible  heat  A  knowledge  of  this  fiict  rmabto  vm 
at  pleasure,  in  the  hottest  seasons  and  olimates»  to  pcodnee  ex- 
treme degrees  of  cold. 

The  soKadledy^vmn^-mtfl^^tifM  are  compounds  of  two  or  moie 
substances,  one  of  which  is  a  solid.  These,  when  mixed  togetlia; 
enter  into  combination  and  liqueiy.  The  operatlcm  slumld  be  ae 
conducted,  that  no  heat  can  be  absorbed  frwn  external  source^ 
and  hence  as  the  substanbes  liquefy,  a  depression  of  temperatme 
results,  proportional  to  the  heat  rendered  latent^ 

The  most  convenient  freedng  mixture  is  salt  1  part,  and  Ice  or 
Bnow  2  parts,  universally  used  in  the  freezing  of  ices  and  etemA 
With  this  freezing  mixture,  a  temperature  of  — 4*  or  — 6"  bdoir 
zero  can  be  maintained  for  many  hours.  A  solution  of  equal  paitt 
of  nitre  and  sal-ammoniac  -will  reduce  the  temperature  from  50**  to 
10°  F.  Very  well  constructed  ice-cream  freezers  are  now  commonly 
sold  in  the  shops,  in  which  an  adroit  use  has  been  made  of  the  laws 
of  radiant  heat,  to  facilitate  the  rapidity  of  this  operation. 

Thilorier,  with  a  mixture  of  solid  carbonic  acid  and  sulphuric  add,  or 
sulphuric  ether,  obtained  a  temperature  120*"  below  zero.    More  latdv 
Mitchell  obtained  by  the  same  means  a  temperature  of  130"*  and  146*  F. 
At  the  former  temperature,  alcohol  (den.  798)  had  the  conidsteney 
of  oil,  and  at  the  latter  temperature  resembled  melting  wax. 

In  the  liquefaction  of  metallic  alloys,  a  similar  depreasion  is  ob» 
served.  When  an  alloy  composed  of  207  parts  lead,  118  tin  and  2S4 
bismuth,  is  dissolved  in  1617  parts  mercury,  the  temperature  will 
sink  from  63"  to  14"  F. 

In  producing  extreme  degrees  of  cold,  the  substance  to  be  opeiatcd 
upon  is  first  cooled  to  a  certain  degree  by  a  less  powerful  Ireesfaig 
mixture,  before  the  more  energetic  one  is  used ;  the  full  effect  of  Um 
latter  is  thus  obtained. 


610.  On  what  fact  do  freezing  mixtures  rest  7  What  are  freezior 
mixtures!  What  is  the  most  convenient  mixture  ?  What  others  are 
noticed  in  the  table  and  what  temperatures  do  thej  produce  f  What 
of  metallic  alloys!  How  low  a  teniporaturo  has  been  obtained  bv 
solid  carbonio  wsid  and  sulphuric  ether!  How  are  freezing  mixtoras 
moet  economioaUy  a\vp\\eA^    ^vn'  «  *it»wvv\<*  ^x»>^^  >>c^^  \*Ww^ 
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TABLX  OF  FBSKZnrO  MIXIUBIB. 


Snbftancet. 

Parts  by  Weight 

n 

Cooliog. 

Sulphate  of  soda, 
Hydrochloric  acid, 

from  +  60**  to     0* 

Snow  or  ice, 

^l 

"       X         "  — 6** 

Common  salt, 

1 

Sulphate  of  soda, 

8 

"      +60**   " — 8** 

Dilute  nitric  acid. 

2   ' 

Sulphate  of  soda. 

6) 

Nitrate  of  ammonia, 

5V 

"      +  60**  "  —14" 

Dilute  nitric  acid. 

4) 

Snow  or  ice, 
Chlorid  of  calcium, 

8) 
4) 

"      +  20**  "  —14° 

611.  Laws  of  fdsion. — ^Expansion  (the  first  efiect  of  heat)  has 
a  limit,  at  which  solids  become  liquids.  The  powers  of  cohesion 
are  then  subordinate  to  those  of  repulsion,  and  fusion  results. 

Fusion  takes  place  in  accordance  with  the  following  laws. 

Ist — All  solids  enter  into  fusion  at  a  certain  temperature^ 
intaridhle  for  the  same  substance, 

2d. —  Whatever  may  he  the  intenHty  of  the  source  of  heat 
when  the  fusion  commences^  the  temperature  remains  constant 
until  the  whole  mass  is  fused. 

The  freezing  points  of  some  of  the  more  important  substances 
are  given  in  the  following  table. 

TABLX  OF  FDSINa  POIMTSi. 


op. 
—89° 

Authority.    I| 

op.       1  Authority 

Mercury, 

Bismuth, 

68^8^-2^  (  ^*^"^" 

Oil  of  vitriol,   —80° 

Regnault 

.Lead, 

Bromine, 

—  4° 

Zinc, 

778°    DanieU 

Ico, 

82° 

jAntimony, 

968-6<>    Plattner 

Phosphorufl, 

lll°-6 

ScrOtter. 

jSilver, 

18730    Daniell 

Potas'm.  (ab*t,) 

131°- 

Copper, 
Gold, 

2004.8     l»lattner 

Yellow  wax, 

148°-6 

Person. 

2016  1 

Sodium,  (ab%) 
Iodine, 

190°- 
224°-6 

Cast  iron. 

2786 
(  above 

>  Daniell 

Sulphur, 
Tin, 

289°- 
461°- 

-  Person 

!Wro'ghtm)n, 
•Platinum, 

(  8280  j 

4691-2      Plattner 

612.  Peculiarities  in  the  fusion  of  certain  aolida. — Certain 
solids  soften  before  becoming  liquefied,  while  others  never  be- 
come entirely  fluid. 


611.  What  limiU  has  expansion  f    What  are  iK^\s^^%<A  1>m»ssu\ 
Explain  this  table. 


S76 

Thus  miny  organic  sabstanoes,  u  tallow,  wmz  and  Imtto; 
soften  at  temperatures  below  those  at  which  they  fuse.  Thii  ii 
undoubtedly  owing  to  the  fiuit,  that  they  are  oomposed  of  serenl 
separate  substances  which  melt  at  various  temperattms. 

Those  metals,  like  iron  and  platinum,  capable  of  wclAi^ 
soften  before  they  fuse.  Pieces  of  such:  metals  heated  until  thqr 
soften,  may  be  joined  together  by  hammering,  or  serere  priwiiiii 
Some  sul^tances,  again,  never  attain  perfect  flnidityy  as  b  Hm 
case  with  glass  and  certain  metals,  whid&  always  remain  Inarew 
less  viscid.  The  fusion  of  sulphur  also  presents  striking  peoh 
liarities.    (See  CMMery.) 

618.  Rflfractcny  bodias^-Substances  difBcuH  of  Ibsion  u% 
^alled  refractory  bodies. 

Among  the  most  refractory  bedi«a  are  rilioa,  the  earths  lime,  bantam 
alondna,  Acu  Their  tauon  may  be  effected  by  the  os-hydrogen  blow* 
pipe,  or  by  the  lue  of  the  galvanic  battery.  By  tiieae  nnwnn  aka 
the  fusion  of  pktlnnm  is  effected,  which  resbts  the  heat  of  a  pov- 
erfol  blast  fornace,  although  a  thin  wire  of  this  metal  t«t»  bt 
melted  by  the  mouth  blow-pipe. 

Carbon  is  the  nio^t  refractory  of  all  bodicH^  Its  fusion  li#^  not  vet 
bei'ii  perfectly  elfeeted;  although,  by  meaus  of  the  gulvanic  liatterr 
Profe><<tr  ^^illiinan  i>btaiued,  (in  1822,)  une<|uivoeul  evidence*  of  the 
vohitility  und  (mrtiul  fusion  of  this  eubstance :  and  more  latoli*  these 
resultt  were  veritied  by  M.  Dopretz,  with  a  carbon  battery  of  600 
cups;  boron  und  silicon  also  yielding  to  the  same  ]>owcr. 

014.  Solution — Saturation. — When  a  solid  immersed  in  a  liqaid 
gradually  disappears,  the  process  is  termed  solution.  Thus  sugar 
and  salt  dissolve  in  water,  camphor  in  alcohol,  &c.  Solution  if 
the  result  of  an  adhesion  existing  between  the  particles  of  a  li- 
quid and  those  of  a  solid.  A  liquid  is  said  to  be  saturated  when 
at  a  given  temperature  it  has  dissolved  as  much  as  possible  of 
a  solid. 

Tlie  causes  which  diminish  cohei^ion  among  the  particles  of  a  solid. 
generally  faeilitate  BcUutiitn.  Thut»  a  pulverized  body  disAMlTca 
quicker  than  the  same  quantity  in  large  uiass<>s.  Heat  also  facilitaCca 
solution  by  diminishing  the  cohesive  force  and  producing  currenUL 

G15.  Iiawa  of  solidification. — The  passage  of  a  body  from  the 


ve 


612.  What  peculiarities  do  P«»me  solids  predentin  fusing?     Cii 
exinnples.      What  is  wehling?     .Mention  tin*  peeiilinritii's  in    ifh 
and  sulphur.     Ol^J.  What  aro  rclVaetory  boiii's?     MnuintTute  soiii« 
of  theiu.     ilow  are  they  fiisvdf     Whui  its  said  oi  the  fusion  of  car- 
bon f     614.  What  is  solution  f 
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liquid  to  the  solid  state,  always  occurs  in  accordance  with  the 
following  laws. 

Ist — TJie  solidification  of  a  body  tales  place  at  a  certain 
fixed  temperature^  tehich  is  also  that  of  its  fusion, 

2d. — The  temperature  of  a  hody  remains  constant  from  the 
commencement  to  the  end  of  its  solidification, 

616.  Elevation  of  heat  during  solidification^ — ^When  liquids 
return  to  the  solid  state,  the  heat  which  has  been  absorbed  during 
their  liquefaction,  and  rendered  latent^  is  given  out 

If  the  Bolidification  takee  place  euddenly,  the  heateyolTed  is  often 
very  apparent  Examples  of  this  fact  have  alrea^Jf  been  giyen.  (86, 
88.)  In  the  sudden  solidification  of  water,  the  freedng  of  a  part  gives 
out  heat  enough  to  raise  the  temperature  of  the  whole  from  22^  or 
23°  to  32°,  or  through  8°  or  10°.  Thus  we  arrive  at  the  seeming  para- 
dox, that  freezing  is  a  warming  process ;  and  owing  to  the  absorption 
of  heat  during  liquefaction,  it  is  equally  true,  that  melting  It  a  cooling 
process.  Uence,  in  part,  the  cooling  influence  of  an  iceberg  or  of  a 
large  body  of  snow  on  a  distant  mountain. 

Potassium  and  sodium  when  pressed  together  evolve  heat  enough 

to  fuse  the  mass  into  a  pasty  alloy,  with  bright  globules  on  its  surface. 

With  mercury,  they  form  a  solid  amalgam,  and  in  the  act  of  uniting 

with  it,  they  evolve  sufficient  heat  to  set  fire  to  the  naptba  which  is 

adhei*ing  to  the  surface,  and  often  to  explode  the  mass  violently. 

617.  Change  of  Tolume  during  solidification,  and  its  efiects. — 
Mercury  and  most  metals  contract  while  solidifying ;  hence  the 
freezing  of  a  mercurial  thermometer  does  not  burst  its  reservoir. 
Water  expands  during  freezing  to  the  amount  of  one-seventh  of 
its  bulk :  hence  ice  floats  on  the  surface  of  water,  and  close  vessels 
even  of  iron  are  burst,  if  -frozen  when  full  of  water. 

This  fact  is  familiar  to  house-keepers,  who  prevent  the  bursting  of 
thoir  water-casks  during  winter  by  a  stick  of  wood  placed  in  the 
caok,  about  which  the  bulge  from  expansion  takes  place.  Aqueduct 
service-pipes  are  often  saved  from  the  same  accident  in  cold  weather 
by  allowing  the  water  to  flow  uninterruptedly,  thus  preventing  the 
formation  of  ice  crystals,  both  by  motion  and  the  supply  of  wanner 
water. 

A  brass  globe  filled  with  water  burst  at  82^  in  the  experimenta  of  the 
Florentine  academicians,  who  estimated  the  force  exerted  as  equal  to 
28,000  pounds.     A  bomb-shell  filled  with  water  and  tightly  closed 

615.  What  are  the  laws  of  solidlficaUon  f  616.  What  change  of 
temperature  is  noticed  in  solidification  ff  Give  illustrative  examplesf 
Why  is  freezing  a  warming,  and  melting  a  cooUng  ^toa«iik\ 
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hymn  iron  plug,  whan  aipotd  to  ■wm  eotd  in  Mnatfd,  A'mt^m^ 
the  plug  to  a  distance  of  400  feet^  and  «  Ajlindar  of  iaa  aightiaiy 
in  length  protruded  from  the  hole. — All  "^^W  whioh,  like  villi; 
aMames  the  rhombohedral  form  on  eolidifioatioB,  prodMa  ikq 
casts,  f  87.)  Baeh  are  east-iron,  antimony*  tin,  ain^  and  Imbbm^  Jd 
alloys  capable  of  prodndng  shaip  easta  moat  eoiit«in  aodi  a  Mhl 
7>^pe  metal,  (8  lead  and  1  antimony,)  braai^  (S  ooppar  aad  Iri^) 
and  bell-metal,  (I  copper  and  S  tin«)  are  ^«^^^r  axampla^  Ctfft, 
lead,  gold,  silrer,  and  indeed  most  metals  easeept  thosa  abaw«» 
merated,  crystallize  In  the  monometrie  ayrtam  (54)  and  hanea  aseiif 
less  space  as  solida  than  as  flatds^  prodndng  imperlbei  cmIil  Hmi 
coins  are  stamflM,  and  gold,  silrer  and  copper  otensila  and  «■»• 
mental  wares  are  wrought  by  the  hammer,  or  ^^mpftd,  to  smr 
sharpness  and  beauty. 

618.  ZVaaiingof  walar.r--WateroidiiuurUyfi«eMsatS9^M 
it  has  alnady  been  stated,  (86  and  88,)  tfaftt  under  OMtein  ciran- 
8tanoe6i{maybeooolednearto28^andr«mainliqiiid.  I^howm, 
water  is  turbid  or  contains  carbonic  add,  it  alwAys  firMns'ift  tt*. 

Certain  experiments  made  in  Fhmce  indicate,  that  the  tamptfatm 
to  which  water  may  be  exposed  without  freezing,  falla  in  propoitiM 
as  it  is  exposed  in  tubes  of  smaller  diameter.  This  remarkable  cir- 
cumstance seems  to  throw  light  upon  the  fact,  that  plants  whose  cs* 
pillaries  are  full  of  juices  resist  frost  in  a  manner  so  notieeahls  m 
many  of  them  do.  Nevertheless,  in  very  severe  weather,  the  boki 
of  large  trees  are  burst  open  by  frost. 

Water,  containing  salts  in  solution,  freezes  at  a  lower  tffffip*- 
raturc  than  pure  water.  Thus  sea  water  freezes  at  27^.  The  ies 
formed  from  salt  water  and  from  impure  or  turbid  water  is 
paratively  fresh  and  pure,  since  it  is  the  water  which 
and  not  the  foreign  bodies  it  contains.  Frozen  ink  and  oths 
colored  fluids,  precipitate  the  coloring  matter,  and  are  spoiled  m 
colors  until  by  boiling  the  precipitate  is  again  diffused. 


What  is  said  of  potassium  and  sodium  ff  617.  What  ia  said  sf 
change  of  volume  during  solidification  1  How  is  it  with  meranyf 
What  is  said  of  water  f  What  is  the  increase  of  bulk  in  ieef  What 
effect*  follow  the  freezing  of  wat^rf    What  metals  expand  on 


ing  iH>li(l  ?  What  is  type  metal  f  What  metals  diminish  in  soIi<tify- 
ing  ?  Why  do  gold  and  nilver  make  bad  castsf  618.  What  ia  said  sf 
the  point  at  which  water  frei'zosf  What  is  said  of  tubes  of  fiiMll 
diameter  I  What  important  infercnco  ia  drawn  from  Uiia  ?  How 
do  solids  and  foreign  substances  atTect  the  freezing  of  water f  What 
|s  said  of  ice  from  sea  water f  What  of  ink,  ttc  How  are  rocks 
affected  by  freezing  t  Uow  is  the  value  of  building-stonea  deter* 
mined ff 
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wise  cider  and  other  weak  alcoholic  liquors  exposed  to  moderate 
cold,  congeal,  but  only  the  watery  portion,  and  the  alcoholic 
part  may  thus  be  obtained  in  a  more  condensed  state. 

Some  absorbent  rocks  are  pulverized  and  gradually  covered  by  a 
thick  bed  of  soil,  by  the  effects  of  freezing  water  in  breaking  down 
their  solid  mass.  The  valae  of  building-stones  in  our  climate  depends 
mnch  upon  the  resistance  they  offer  to  the  action  of  frost  In  hot  cli- 
mates the  effect  is  not  seen,  and  the  crags  and  summits  of  mountuns 
are  there  generally  more  sharp.  Experiments  to  determine  the  resist- 
ance of  rocks  to  frost  are  made  by  saturating  cubes  of  the  material 
with  water  and  repeatedly  freezing  them.  But  tfeif  same  result  is 
more  conveniently  obtained  by  using  a  solution  of  sulphate  of  soda. 
This  salt,  crystallizing  on  exposure  to  the  air,  effects  the  same  results. 

10. —  VaporUatian  and  Condematian, 

619.  Vaporlzatipii. — ^Liquids  become  vapors  upon  receiving  a 
certain  quantity  of  heat  Thus  water  at  212"*  is  rapidly  converted 
into  steam,  which  at  or  above  that  temperature  remains  as  an  in- 
visible gas.  This  change  of  state  presents  some  of  the  most  in- 
teresting and  important  phenomena  of  physics. 

Evaporation  occurs  only  at  the  surface  of  liquids,  quietly,  as  in  the 
insensible  changes  of  water  to  vapor  in  an  open  vessel.  Boiling  or 
obullUionf  is  the  rapid  formation  of  vapor  throughout  the  whole  mass 
of  liquid,  producing  more  or  less  agitation.  Sublimation  is  the 
change  of  solids  to  vapors  without  the  intermediate  liquid  condition. 
Arsenic,  iodine  and  camphor,  are  examples  of  solids  which  may  be 
BO  changed. 

Tlie  remarkable  disappearance  of  nearly  one  thousand  degrees 
of  heat  when  water  is  turned  into  steam,  (and  correspondingly 
for  other  liquids,)  will  be  discussed  under  Latent  heat 

620.  Formation  of  ▼apors  in  a  ▼aonum. — ^Evaporation  takes 
place  slowly  in  the  open  air,  owing  chiefly  to  the  atmospheric 
pressure.  In  a  vacuum,  however,  it  occurs  instantaneously,  be- 
cause the  vapor  then  meets  with  no  resistance.  This  phenomenon 
occurs  in  obedience  to  the  following  laws. 

Ist — AllvoUitile  UquidSy  in  a  taeuum^  volatilize  instantly, 
2(L  —  At  the  name  temperature  the  tapon  of  different  liquids 
poHMess  unequal  elastic  force. 

619.  What  is  vaporization  7  What  is  evaporation  f  What  is  boil- 
ing t  What  solids  vaporize  without  lique&ctiouff  What  ha^^^oa 
when  a  liquid  is  changed  to  vapor  f 
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Th«M  UwB  an  Illiiitnil«d  in  (Im  mppwrata^  flg.  SM,  ^Ai 
SSS  bwometar  tobo^  orig/buJfy  filM  ri 

dry  mgreiuj,u«npportedbrtWi 
■  niereaiial  ofltem,  Mid  vUl  tU  I 
1  tbe  ickle,  O,  th«  ■ 


limn.    A  drop  of  atlMr  [—mil  wf  t 
^Uutlf  IbdiM  Into  vapor  and  dqn 


a  pertiafM  half  U>  h«i|^«rB 
.'oi'J'mg  to  th«  quuitity  lued.  Tk 
iruu-^  tlM  fint  law.  A  drop  of  tiW 
ciirhor.  Introdaced  into^;  ot  «le^ 
iJ ,-  Bill  of  vaUt  into  A,  -wOl  abo  b*  ■ 
ivtly  <&«QK«d  to  vapor,  wholly  or  1 
Hui]  n-[lld«pre«6  the  mercury  micqi 

tl 1  lor  of  their  TolatUity  aa  w^ 

Till    i:lD«ntaeth«XdIaw.     Ifalltl 
iiii[...1i>o«d  inUi  JS  Iiaa   i11m|»jnmi«< 
^ih  <  o-jTesauU  itrrrHntiaimu  ba  aM 
h  addHiOD  an  Tnrrnaiiil  to 
[of  (he  mcrenry  irill  l>o  obBerved,  antS 
■  d  ia  r«»i;hed  where  the  ether  i 
VB  liquid.     This  Is  the  point  of  amtmimi 
"    "  "    maximum  lenttan  of  ether    Taporlc 

temperature.  A  change  of  temperature  wiil  of  courae  Tar 
CDnditiona.  If  f itbvr  of  the  tubes  is  Burrounded  hy  one  of  lar 
•meter  dipping  uuder  the  mercDry,  ind  bo  affording  a  cell  Into 
iiut  water  mny  be  pourei!,  the  liquid  ellier  in  B,  fur  example^ ' 
TBparizeil,  alill  further  deprewng  the  mereurj,  aceordinf  to  tk 
perature.  If  a  freeiing  miiture  were  similarly  used,  the  I 
would  be  Been — a.  portion  of  vajjor  would  be  liquefied. 

621.  Saturated  apacs  or  ma^timm  tmialon  of  wapora. 
meaning  of  these  terms  may  be  still  further  illuetratcd  1 
uso  of  the  apparatus  seen  in  fig.  840,  which  is  provided  " 
well,  filled  with  mercurj',  and  deep  enough  to  allow  the  fe 
be  depressed  nearly  its  whole  length. 

SuppoBe  the  tube  to  have  Die  eondition  of  E  iu  the  last  paia 
that  is,  the  vapor  of  ether  hsB  nearly  Elleil  the  whole  tabeu  i 
at  ita  point  of  saturation   or   mniimum  tenaioo.      If   tha   t 

Give  the  example  from  the  boiling' of  water.  HliO.  Whr  doaai 
ration  occur  .lowly  in ihe  op,n  nirt  What  i?Hiid of  vvipora* 
vacuum)  What  are  its'  lawi')  How  are  the><'  laws  illoati 
EipUin  fi|j.  839.  To  wliat  oii.-in  may  vaporization  of  ethw 
oecort  621.  Ilowinay  thcti-nna  wlurutedi^i-iieeaDdniaxinai 
son  bt  farther  illunrate<lf  Kiplain  the  uae  of  the  apMrali 
810.    ■WhatMaoltfoUo»»l 
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now  depressed,  the  oontained  yapor  is  subject  to  increaaed  prea- 
•ore  io  proportion  to  the  amoant  of  depreasion  840 

•nd  the  result  is,  that  a  portion  of  it  takes  on  the 
liquid  form,  and  the  mercury  takes  the  place 
of  the  vapor.  If  the  tube  is  raised,  then  the  pres- 
sure is  again  diminished,  and  a  fresh  portion  of 
ether  is  vaporized.  There  is  therefore  a  maximum 
tension  or  elasticity  for  the  vapor  of  different  li- 
quids at  every  temperature,  so  that  in  a  saturated 
space  at  a  given  temperature,  the  maximum  ten- 
don is  the  same,  whatever  may  be  the  pressure  to 
which  the  vapor  is  subjected. 

622.  Dalton's  law  of  the  tension  of  vapors 
is  as  follows. 

The  Unsion  or  elasticity  of  different  vapors 
is  equal  \f  compared  at  temperatures  the  same 
number  of  degrees  above  or  below  the  boiling 
paint  of  tJieir  respective  liquids. 

This  law  does  not  perfectly  accord  with  the 
results  of  experiment,  but  it  is  nearly  correct, 
(with  the  exception  of  mercury,)  at  short  dis- 
tances above  and  below  the  boiling  point 

The  tensio7i  of  vapors  at  equal  distances 
above  and  below  the  boiling  point  of  their  re- 
spective liquids^  is  shown  in  the  following  table 
condensed  from  Miller. 


or  below 
bollinx. 

***<™»"'*-        1            ITw.           1            Uir.            1         jA»rx.            1     Avo«*1fo. 

w.tiM^         1      AliKlMil.         1           KUmt.        imlph'lcarboo.    i      Mrrcorr. 
^^•*^'        1    .p.  ur.  0H13.    1                             1                              1 

rcmp.  Pr«Mnar«,  ( "TwnM.  Prvamns  |  Ttnnn.  PrMauTv.  Temp.  Prr«ui«,  i  I'MDp.  Vrrmax^ 
^W\      {nrhm.      \     "¥       \ne\im.\     "F      Inrhi*       -K        lnrfi«.    |    -F      iariiM. 

4-40" 

252 

r»ai4' 

1 

-f2(>'' 

282 

44-06 

124 

42-64 

137 

4019 

Bull,  p't 

212 

30-00 

173  30-00 

1(»4 

80-00 

117 

29-87 

680 

30-00 

—20" 

11)2 

19-87 

153  19-80 

84 

20-90 

97 

20-65 

—to* 

172 

12-78 

188  11-60 

C4 

13-00 

77 

18-89 

630  19-85 

—00 

152 

7-94 

113 

6-70 

44 

8-10 

67 

9-07 

—80 

132 

4-67 

98 

8-67 

37 

5-78 

590  14-08 

623.  The  tension  of  vapon  in  coamnmloatlngvessels  unequally 
heated  is  the  same,  and  is  equal  to  the  lower  temperature. 

Thus  if  a  vessel  containing  water  at  32^  eommunicates  by  a  tube 


622.  What  i^  Dnltou's  law  of  the  tension  of  vajwrsT    What  is 
shown  by  the  tabic  f 


withaTMMl  in  wldoh  the  wstar  k  boOing^  tibM  pfwMM  bWfttf 
the  vMBeb  will  be  the  Mune,  nmrnj  be  «ae«rtaiiMd  hj « 
Hub  is  e3q[>l«ined  by  the  eondeoeetion  wbieh  thm  T^por 
■affere  in  the  colder  TeeieL    AppUettion  is  made  cf  Uamfrimi^n 

the  oondenser  of  the  steem-engiue. 

624.  TemiMratave  and  Haiti  of  wipodbntlaa. — TIm  nps» 

ta<m  of- liquids  takes  place  at  temperatixreB  mnch  belov  U 
boiling  points,  as  oommon  ezperknoe  testiflflB.  Ereii  atliM» 
dinary  temperature  of  the  sir,  water,  and  nmny  liquids  and  hbi 
solids  vaporize. 

Eren  mereai7«  whose  boHing  point  ie  W29,  OTaporates  at  aB  t» 
peratores  aboTe  60^  F.,  as  was  prored  by  Faraday.  He  mmpmid 
fgom  the  cork  of  a  flask  eontaining  merenry,  a  alip  <»f  gold  laa£  iif 
six  months,  the  gold  leaf  was  found  to  be  whitened  by  the  mmmi 
which  had  risen  in  Taper.  A  dew  of  metollio  globules  is  aoaeMes 
seen  in  the  Torricellian  Tsennm.  Iodinc»  ommptkor  and  other  sM 
rapidly  evaporate  at  the  ordinaiy  temperature.  8aoiw  and  iae  dh^ 
pear  firom  the  surface  of  the  earth  daring  oold  weather  wh^  Ihai 
has  been  no  thawing.  Boyle  fonnd  that  two  ouneea  of  enow,  at 
Tery  cold  atmosphere,  lost  ten  grains  in  six  hoursL 

The  experiments  of  Faraday,  however,  appear  to  show  that  it- 
porization  does  not  occur  at  all  temperatures. 

Thus  mercury  giTes  off  no  appreciable  vaper  below  SO^.  M 
pburio  acid  undergoes  no  appreciable  evaporation  at  ordinary  Urn- 
peraturea.  Faraday  proved  that  several  substaneea  which  are  Tsh* 
tilized  by  heat  at  temperatures  between  300^  and  400®  did  not  nftr 
the  slightest  evaporation  when  kept  in  a  confined  space  at  the  stdi- 
nary  temperatures  during  foar  year& 

The  limit  of  evaporation  is  reached  when  the  coheaiTe  force  if 
the  particles  of  the  solid  or  liquid  overcomes  the  feeble  teadeacj  Is 
evaporation. 

625.  Oircumatances  influencing  evaporation.— EvaponiiaB, 
as  has  been  said,  is  the  slow  production  of  vapor  from  the  9at- 
face  of  a  liquid.  The  elastic  force  of  a  vapor  which  saturates  ft 
space  containing  a  gas,  (like  air,)  848,  is  the  same  as  in  a  va- 


628.  What  is  the   tenrion  in  communicating  veeaele    -^..-^ 
heated  f    lUue^ate  ^s.    In  what  case  Ia  this  principle  applicd'f  iSi 
What  is  said  of  the  temperature  of  vaporization  ff     Give  «xm 


What  is  said  of  mercury  f  Give  examples  of  solids.  WhirtW 
Boole's  observation!  What  do  Faraday *» experiments  show  asttft 
limit  to  evaporation  for  mercury  and  sulphuric  acid  ?  What  de|ir* 
mines  the  limit  of  evaporation  f  625.  What  is  said  of  the 
force  of  vapor  in  air  and  in  a  vacuum  7 
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cuum.    The  principal  causes  which  influence  the  amount  and 
pidity  of  eyaporation  are  as  follows. 

1st — Extent  o/ntr/aee.  As  the  eyaporation  takes  place  from 
the  sur&ce,  an  increase  of  surfiu^  eyidently  fiunlitates  evapo- 
ration. 

In  all  cases  in  the  arts  where  rapid  eyaporation  is  the  ohject^shaHow 

pans  of  large  surface  are  employed,  as  in  the  salines  of  Syracuse  and 

elsewhere.    The  evaporating  surface  may  he  enormously  increased, 

L    as  in  the  salt  works  of  the  Tyrol,  hy  allowing  the  hrine  to  trickle 

down  over  brush  wood  stacked  closely  in  square  piles. 

A  film  of  oil  on  the  surface  of  a  liquid  greatly  retards  evapora- 

I    tion,  an  expedient  often  used  in  the  laboratory. 

2d.  Temperature^  by  increasing  the  elastic  force  of  vapor,  has 
a  most  important  influence  on  the  rapidity  of  evaporation ;  there- 
fore the  temperature  of  ebullition  marks  the  maximum  point  of 
evaporation. 

8d. — The  quantity  of  the  eame  liquid  already  in  the  aimoaphere  ex- 
ercises an  important  influence  on  evaporation.  The  atmosphere  can 
dissolve  but  a  certain  amount  of  vapor,  and  evaporation  entirely 
eeases  when  the  air  is  saturated,  and  is  greatest  when  it  is  free 
from  vapor. 

4th. — Renewal  •/  the  air. — If  currents  of  air  are  continually  re- 
moving the  saturated  atmosphere  from  above  the  surface  of  a  liquid, 
evaporation  takes  place  most  rapidly,  since  new  portions  of  air,  ca- 
pable of  absorbing  moisture,  are  presented  to  It  Evaporation  is 
therefore  more  rapid  in  a  breeze  than  in  still  air. 

5  th. — Preeeure  on  the  turf  ace  •/  the  liquid  influences  evaporation, 
because  of  the  resistance  thus  off'ered  to  the  escape  of  the  vapor. 

Prof.  Daniell,  from  a  series  of  researches  on  the  rate  of  evap- 
oration, deduced  the  following  law,  viz : 

The  rapidity  of  evaporation  it  intereely  as  the  pre$iure  vpon 
the  surface  of  the  evaporating  liquui, 

626.  Dew  point. — If  air  saturated  with  moisture  is  cooled,  a 
portion  of  the  moisture  will  be  precipitated  as  dew.  The  tem- 
perature at  which  this  deposition  of  moisture  commences,  is  called 
the  flew  point.  The  dew  point  is  nearer  the  temperature  of  the 
atmosphere,  the  more  fully  the  air  is  saturated  with  moisture. 

Illustrate  the  influence  of  surface  on  evaporation  f  How  does  a 
film  of  oil  act  T  What  is  the  second  condition  influencing  evapo- 
ration f  What  is  the  third  f  What  the  fourth  f  How  does  pressure 
influence  eva}>oration  t  What  is  the  6th  law  of  evaporation  ?  What 
is  the  law  deduced  by  Daniell  f    62A.  What  is  the  dew  point  f 
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The  methods  of  determining  the  amount  of  moistan  oonteiMl 
in  the  atmosphere  will  he  described  in  the  clw{itar  oa  Msleanlqf. 

627.  BbnlHtion^— The  elasticity  of  tho  Tapor  ttom  a  Mb| 
liquid  is  equal  to  the  pressure  of  tfao  saperinGoadMni  §!■» 
phere. 

When  water  is  boiled  In  a  glast  ynmA,  the  pbononiMUiof  eWtta 
may  be  distinotly  leen.  On  fint  heating  a  Uqaidi,  tiia  flhwlfej  m 
(862)  is  expelled  in  sftiall  bnbbleB.  M  the  heat  ia  eontmved,  hMh 
of  transparent  and  inyisible  steam  are  formad  in  tke  lowar  put  d 
the  vessel  where  the  heat  is  applied.  Hieea  grow  smaller  and  inA 
as  they  rise,  and  finally  condense  in  the  colder  liquid  wHh  a  mamd 
little  noises,  producing  what  we  eall  sinmiering:  After  a  tims^  vte 
the  mass  of  liquid  attains  a  nearly  nniibrm  tempenUoNb  tiMSsb^ 
Hies  increase  in  size  as  they  rise  to  the  8urfaee»  owing  to  the  enp^ 
ration  from  their  interior  surfaces  as  well  as  from  ihm  leaa  piwiHea 
which  they  are  there  subjected.  As  they  reach  the  ml  m  iial  m;^ 
the  surface  of  the  liquid,  they  condense  in  a  dondw  VMMr, 
is  conmionly  called  steam,  hot  which  in  reality  is  wnlsr  in 
ingly  minute  globules. 

When  a  liquid  has  reached  the  boiling  point,  n  oompantinilf 
small  quantity  of  heat  maintains  it  at  that  temperature.  Watff 
or  any  other  liquid  boiling  moderately  has  the  same  tempcntoi 
as  when  it  is  in  violent  ebullition.  The  excess  of  heat  only  ^tv^mip 
a  more  rapid  evaporation  of  the  water. 

628.  Table  of  boiUng  points. — Every  liquid  has  its  own  boiliif 
point.  In  this  tabic  arc  given  the  boiling  points  of  sereral  flm^ 
according  to  the  latest  authorities,  and  reduced  to  the 
pheric  pressure  of  29*92  inches. 


Temp. 


Sulphurous  acid, 

Chlorid  of  ethyl, 

AlJehyJ, 

Ether, 

Hisulphid  of  carbon, 

Terchlorid  of  silicoii. 

Bromine, 

Wood  spirit, 

Alcohol, 

Dutch  liquid, 

Water, 


I 


F. 


17' -6 

Nitric  acid, 

51  -9 

Hichloridof  tin. 

69  -4 

Fousel  oil. 

94  -8 

Terchlorid  arsenic. 

118  -5 

Butyric  acid. 

188  -2 

Sulphurou:}  ether. 

145  -4 

Oil  of  turpentine. 

149  -9 

Sulphuric  acid. 

173  -1 

Linseed  oil. 

184  -7 

Mercury, 

212  -0 

241*-8 
240  -2 
209-8 
278  -O 
314  -• 
820  t> 
568  -5 
589  "2 
507  t) 
652  10 


627.  What  determines  the  elasticity  of  vapor f  Explain  the  phe- 
nomena of  boilintr  AA  »een  in  f^lai^f  Whnt  is  mmnierin^f  ^^gl 
causes  agitation  in  a  boiling  liquid?  What  is  said  of  the  quantttr  if 
heat  required  to  keep  water  in  elmllition  f  Why  i»  thitai  ?  ggg^  ^|^ 
the  boUiDg  point  of  some  of  the  more  common  fluids  iq  the  tahlei 
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629.  Inflnrooa  of  mdbadon  on  the  boUlng  polnL — The  boSing 
point  of  water  in  vesselB  of  different  materials  vuies  somewhat, 
owing  probably  to  the  different  d^;rees  of  adhesion  between  the 
Uquid  and  the  surfoce  of  the  vessels. 

Ida  metallic  VBBwl,  water boiltatSIO' and  211°.  Ifa  glau  vusal 
be  coated  iii»ide  with  ihellac,  water  boiU  in  it  at  211°.  But  if  it  be 
thDroughl;  cleaned  witb  aulphnric  a«id,  water  maj  be  beated  in  it 
to  231°  or  mure  without  the  escape  of  bubblea  A  few  grains  of 
(and,  a  liltiv  fragment  of  wire,  or  a  imall  piece  of  cbarcoal,  will  at 
once  equalize  tbew  differencea  and  came  the  water  to  boil  iteadily 
at  2I'2°. 

From  Dnjong's  experEmente  it  appear*  that  air  in  aolution  greatly 
aaaiate  the  formation  of  vapor.  Bj  long  boiling,  the  air  becomea 
nearEf  expelled.  Whentbia  waa  the  caw,  the  temperature  waa  found 
to  rue  >ometiineB  aa  high  aa  360°  in  an  open  glaw  Teaeet,  which  wat 
then  ahatterad  with  a  load  report  bj  a  sudden  buret  of  vapor. 

630.  Inflnanoeofaolldalnioltitlon  on  the  boUinf  point. — Solids 
dissolved  in  liquids  raise  their  boiling  points  in  proportion  to  the 
quantity  diEBOJved.  Thus  a  saturated  solution  of  common  salt 
boils  at  237°  F. ;  of  nitre  at  340*  ;  of  carbonate  of  potash  at  276°, 
and  of  carbonate  of  Bodaat  220°.  This  is  probably  owing  to  the 
adhesion  existing  between  solids  and  liquids  which  opposes  itself 
to  the  repulsive  force  of  heat.  The  vapor  rising  Ihim  boiling  so- 
lutions has  only  the  temperature  of  steam  IVom  purs  boiling  water 

631.  Inflnmoeof  preamreonthebollliigpolnt. — As  ebullition 
insists  in  the  rapid  formation  of  vapor  of  the  same  elasticity  as 
the  superincumbent  atmosphere,  it  is  evi-  341 
dent,  that  if  the  pressure  is  diminished,  the 
boiling  point  will  be  lowered,  and  if  it  be  in- 
creased, that  the  boiling  point  will  be  raised. 

Tlia  infleeace  of  pressure  on  the  temperature 
of  ebullition  is  itrikingly  shown  by  placing  a 
vessel  of  water,  which  haa  cooled  oonsiderabiy 
below  the  boilEogpoint,  beneath  the  receiver  of 
an  air-pump  and  sahansting  the  air,  fig.  341.  Aa 
the  aEr  Es  removed,  the  water  enters  into  via-  i 
lent  ebalUUon,  even  at  a  temperature  of  1SG°. 
Liquid!  generally  boil  in  vacuo  at  a  tempera- 

62S.  What  eondltione  inflaenee  boiling  and  why  I  Oive  some  ax- 
amplee.  What  U  the  effect  of  dissolved  air  on  the  boiling  point  I 
tsa  How  do  disM>1ve<I  solids  affeet  the  boiling  point  I  V(^v\«1^« 
temperature  of  ataam  from  anch  I    GW*  AaWftuft  V*va\*  iiV\i*a», 


tQlHiNof  fromlO*  to  14°  below  tl)«ir  point  of  ebnllition  nmler  tb  oA 
tt«rj  nLtntwplierio  pressure. 

The  following  tAble  from  Rcgnnalt  fihon-s  the  (erapecalma 
wbith  water  boils  under  dilFerent  pressures,  represcnied  fcj  iW 
'  vnrcsponding  heights  of  the  barometric  column.  T1i«ee  rwiA 
''tuiTe  been  cotiGmied  bj  direct  obscrration. 


Bom»rpoi„U 

B.™««r.    1      AM^pclm. 

j«jj^^. 

164 

2M 

astm 

186 

iO* 

S4-441 

18B 

i8-i9e 

2oe 

!5-4eS 

190 

18-992 

loa 

i9ssa 

8T-«I4 

2f)-S81 

212 

28 '344 

198 

SS-4P8 

st-iao 

633.  "Hia  cnliuMy  pandox  is  a  fine  iUustrstJoD  of  tiie  pb- 
nomcna  of  boiling  under  diminish^  press  ures- 


A  anioll  qunntity  of  T 


Is  boilod  in 


Whe: 


ittliei 


atna 


in  acUve  ebullition,  agood  cork  is  finnl;  • 
■ertcd  inthe  tDonifa,  nod  the  he«t  la  tvountl 
The  flask  i*  then  supported  in  ao  inroUl 
position,  u  i»  showD  in  fig.  342,  ■with  lb 
month  underwater.  The  water  sUlIcc 
nes  to  lioU  raore  vioIcnUy  than  -rlum  OW 
the  flame.  If  oold  water  b*  poarrd  npa 
the  Hof-'k.  the  ebullition  becomes  atSI  Bwn 
Tiolent,  but  will  be  'p^edilj  amated  bj 
the  opplici ""        "    " 


The 


of  this 


ning 


plnin.  When  the  fluk  wh  corked.  Ibm 
was  only  the  vapor  of  water  above  tt*  &■ 
quid,  (ho  air  being  drireti  out  by  |]m|iM- 
TiouB  lioiling.  By  tlie  ■pplieatioo  of  nM 
wal*r,  a  portion  of  this  vapor  beeama 
condenicd,  and  the  water  wilhio  bein;  oa- 
dar  diminislied  presanr^  boila  mi  ^  MMV 
But  hot  water  thrown  upon  tlw  ^A 


All.  How  do  changes  of  pressure  inflaenee  boiliDe,  mk 
Bow  la  diii  ahown  by  tg.  841 1  Oive  further  illuitraUoaa  f 
tabl«.  ail  What  ia  the  CQlinaiy  paradox  (  -  ■  - 
tiM  flak  vta  ta*  «Bd  60W  w»V«  .S»«™.Wi- 


&  wktal  uVKraaA^^ .  %%.  %^V    ^IViA^ 
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id  glass,  fig.  143,  partly  fiUed 
B  S43 


IncTCMW  tlie  elutiolty  of  tha  vapor,  and  the  irater  being  Uina  anb- 
Jected  to  a  grealer  pmanre,  censes  to  boiL 

Franklin'*  paUt  glaii,  a  double  liul\>e<l  g. 
vith  ether  aad  closed  while  boiliiig,  boils 
froiu  the  heat  of  tbe  haod,  aeeniible  cool- 
DCM  beinK  felt  as  the  last  portions  of  fliud  V 
mall  out  of  the  empty  bulb,  the  band  (nf- 
nishing  the  heat  needed  to  vaporiM  tbe  ether. 

633.  UaoAil  application*  In  tlia  aita  are  constanUy  made  of 
tbe  facts  just  explained,  to  concentnte  vegetable  extracts,  sugar 
juice,  Ac,  under  diminished  pressure,  and  consequentlj  at  a 
temperature  below  the  point  where  there  ia  any  danger  of  injury 
from  beat  Sugar  is  usually  concentrated  thus  in  large  close 
copper  veaeck,  called  vacuum-pans,  at  a  temperature  of  160°  F., 
aided  by  a  powerful  air-pumpand  condenser  to  remoTe  the  vapor 
rapidly,  ^ere  is  no  economy  of  fuel  by  boiling  844 
under  diminished  pressure,  as  will  be  understood  'T- 
from  what  is  said  hereafter.  ''  "_ 

eS4.  MMUuremmtof  halgtata  by  the  boiling  point.    *^  / 
Hypaometar. — On  ascending  mountains  the  boiling  \*;  ^    , 
point  of  liquids  Ikllg,  because  tbe  atmospheric  pres-     *-^'" 
sure  is  less,  and  inversely  in  descending  into  mines 
it  riscfl.    Accurate  observations  show,  that  a  dif- 
ference of  about  506  feet  in  elevation  produces  a 
variation  of  1"  F.  in  the  boiling  point  of  water. 
The  metastatic  thermometer  (614)  is  used  in  these 
observations. 

U  Regnault  hasdeaigoed  an  apparatas  called  a  hyp- 
■ometer,  fig.  S44,  for  deterinininK  elevations  by  the 
boiling  point  of  water.  It  consists  of  a  eopper  v  easel,  C, 
containiDg  water.  This  is  snrmoDnted  by  a  braia  cyl- 
inder whieb  snpports  and  iDcloie*  a  theRDometer.  n« 
npper  part  of  this  eylinder  is  formed  In  pieces,  t,  whlili 
dide  into  e*eh  other  like  the  tubes  of  a  telescope,  and 
serre  to  eonfloe  the  steam  about  the  thennoineter  tnbe, 
as  in  fig.  3ee.  Air  la  eopplied  to  the  lamp,  (,  by  the  holes, 
a,  a.  The  steam  cseapee  by  a  latetal  oriAce  In  the 
upper  part  of  tbe  instnuncDt  ' 


ess.  What  use  is  made  of  these  fitela  In  the  artsl  Is  there  econ- 
omy of  ftirl  In  thl't  <^t.  How  Is  the  bidUng  point  affei'ted  by 
changes  nf  level  T  What  elevation  oorresponda  Co  ooe  dt!^««\  'W\ril^• 
thermometer  ia  used  and  in  what  tnannerl   XKiMTVbv^^aY^^lr^^^ 


In  tlie  foOowing  table  b  glrai  tb#  boiKi^  poiBt  «f 
nnt  pUc«^  with  their  eorreqponffiBg  clfliratloB  aboTV  tfc9 


braloC 


Finn  of  AntiauiA,  SL  A. 
Micnipftmpa^  (Pero,) 

i^to, 

ICezieOy 

Honnee  of  St  Gothftrd, 
ll«^d,        .... 
SabEbiii];,     .... 
PlombidtM^ .... 
Moscow,      •    •    .    . 

YieniiA, 

Rome, 


1S,4M 

11,870 

9,541 

M71 

6306 

],6«6 

1.46S 

1,681 

984 

466 

161 


I6i» 

1070 
26117 

t»7a 

fS'ti 
68-60 
28-86 
29-41 
2976 


SIOH 
till 
Ul-0 


685. 


646. 


itoun. — ^The  boQing  fioiiii 
pressure  increBseB.    Hub  fiiet  w  readily 

strated  bj  Marcef  s  •pptrmtus. 

A  spherical  boiler  is  sapported  oTer  a  lamp 
a  tripod  of  brass,  fig.  S45.  A  ihennoiiietcr»  t^ 
the  upper  hemisphere,  and  its  bulb  ii 
rectly  to  the  steam.  A  stop-oock  and  «d€ty  vahi^ 
F,  opens  a  communication  to  the  outer  air.  A  ^ 
nometer  tube,  A,  with  confined  air  (S47)  d«ei^ 
into  some  mercmy  placed  in  the  boiler  Iwhsit 
lower  hemisphere  is  for  that  reason  made  of  ina.) 
The  boiler  b  filled  with  water  to  the  eqontor.  Wha 
the  water  boils  and  the  air  has  been  expelled,  tfct 
open  stop-cock  is  closed  and  the  steani  rnmmnania 
to  accumulate.  The  thermometer,  which  stood 
Tiously  at  212**,  begins  to  rise  higher  and  hirhcff 
the  column  of  mercury  rises  in  the  gaoM, 
the  mercury  has  risen  in  the  gauge  a  little  h 
half  the  height  of  the  tube,  the  thernoomctcr  wOl  hn 
dicate  249^  '5  F.,  and  so  on  according  to  the  IbQaw- 
ing  table,  after  the  late  results  of  If.  Re^navItL 


Give  the  temperature  for  some  places  in  the  table.      666.  How 
pressure  affect  the  boiling  point  f    What  is  Market's  apparat^l 
Desoribe  its  action.     What  temperature  corresponds  to  one 
pheret    What  to  two,  five,  to  ten,  to  twenty  atmospheres  I 
Jtmit  !•  there  to  the  temYkeraVnr^  axxaVnaW^  v^  \vt«max«\ 
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.l»otphrr,of 

11 

sBi^a 

249    11 

13 

871   1 

OT8   -8 

IS 

877  -8 

881    -2 

14 

884- 

80«   -0 

IS 

818  -a 

H 

898-4 

8!8    6 

n 

400-8 

SS9-  6 

18 

406-9 

848-  4 

19 

410 -B 

10 

SM-  S 

ail 

418-4 

It  1«  eTl<[fiit  from  this  table  that  iteam  maj  be  obtalnad  of  aoy 
Uinp«ntiire,  provided  we  bare  S4S 

veesele  of  raficl«nt  itrength  to 
vithitand  t]i«  ooiTc^wndlDg 
preanire.  Hiiu  Hr.  Jacob  Per- 
Uiu  obtained  Mcam  from  a  very 
•trong  boiler,  w  hot  aa  to  fire 
tow  and  otber  combiuUble  bo- 
dies and  th«  pipea  eoDvejrlDg 
hot  water  Doder  a  great  pre*- 
•ore,  aeeording  to  hla  tyrtem, 
have  been  knowD  to  fire  balld- 
inga  (See  wonttiif.)  The  wa- 
ter aod  the  M«am  from  it,  under 
preuure,  have  atwajs  Uie  lame 
temperatore^  Ad  empty  revel, 
or  one  filled  oclj  with  it««m, 
la  Kwn  deatroyed  by  heat,  but 
aa  long  aa  water  reraaina  Id  the 
TeaHl,  hfmt  cannot  accainnUt« 
to  sn  InjarloDB  enent,beiDg  ab- 
torbed  in  the  prodaeUoD  of  - 
•team.  Thna  water  ii  boiled  in 
wooden  Tcaiela  by  ateam-plpe*,  and  i 

fall  of  wati-r  have  remained  DDlnjured  by  the  fire,  while  the  water 
within  WBiboillnit. 
AdvantflKr  in  taken  of  the  temperature  of  high  ateam  in  the  arte 


In  caae  of  Area,  wood«n  tanka 


Wliat  did  Tcrkina  obtain  F  What  ia  the  eomparfttlre  temperatur* 
of  water  and  ateam  under  preamira  t  Why  doe*  not  beat  dettroy  a 
T«Md  eoal«inlng  water  I     What  ia  a^d  of  wooden  Uuk>t 


wo 


«IIil 


to  extnct  gelatine  from  bonea,  And  to  perfbrm  other  £ftnih  fob 
tions  and  di«tiUation5  which,  at  212^  would  be  impotable  Bije. 
a  French  physioUt,  who  died  in  1710,  first  etadled  thea«  effects  of  li^ 
etcam  «ith  the  apparatus  seen  in  figure  346,  known  a«  Fkpin*e  ^Hzn- 
er.  It  is  only  a  boiler,  Z>,  of  great  strength,  provided  with  a  af^ 
valre,  S,  (here  first  used.)  and  gallows  screw,  £,  to  secure  its  eove.i, 

636.  Production  of  cold  by  evaponUoiL — ^A  liquid  grows  ses- 
sibly  colder,  if  while  cTaporating  it  does  not  receive  as  mac 
heat  as  it  loses,  and  the  more  sensiblj  so,  ms  the  eraporaticB  s 

more  rapid. 

£an  de  cologne,  bay-mm,  or  ether,  eTafiormtin^  from  the  sorfrcctf 
the  skin,  produce  very  sensible  coldness^  doe  to  the  i«pid  abaonffut 
of  the  bodily  heat  in  the  evaporation.  Portions  of  body  may  htikm 
benumbed  to  insensibility  to  pain  during  snrgieal  opermtSnik 

A  summer  shower  cools  the  air  by  absorfoin|^  he^t  from  the  cvA 
and  the  air  during  evaporation.  Curtains  wet  with  water,  1^ 
branches  of  trees,  mossy  banks,  and  fonntalna.  dnsped  hy  •w— ^ 
plants,  are  cool  for  the  same  reason.  Fanning  the  sar&ee  pfvdaea 
coolness  both  from  conduction  and  evaporation.  Wet  elothesaie  po^ 
niciuus,  chiefly  from  the  rapid  loss  they  cause  of  animal  beat  dnnsf 
evaporation,  thu:*  impedioe  the  circulation.  In  hot  clixnate^^  whei^iM 
is  rare,  water  U  cooled  to  an  agn*eable  temperature  bv  the  use  of  jsn 
of  j>oruu»  earthenware  placed  in  a  draught  of  air.  The  sorbet 
moiMiiro  is  rapiiily  evaporated  by  the  dry  air,  and  the  wat«r  inth« 
vessel*  falls  *2m  or  30  di»gree*  below  the  exterior  air,  even  at  80  or  N 
degre*:'?.  Waior  is  readily  fr».>Zf n  in  a  thin  narrow  test-tube  bv  thi 
constant  evaporation  of  ether  fn.>m  a  muslin  cover  drawn  over  tbi 
outside  of  the  tube.  In  the  East  Indies,  water  is  frozen  by  its  om 
evaporatiitn,  aided  by  radiation,  in  cool  serene  night»,  when  the  eX' 
tcruul  air  is  not  Wlow  40°.  For  this  pnrp*»se  shallow  eaithtf 
jmns  arc  u-ed.  placed  in  a  sliirht  pit  or  depression  of  the  earth  upon 
straw  tt)  rut  otf  terrestrial  radiation.  (57o.)  Water  i*  endowed  vitl 
a  nuiarkahlc emissive  power, and  will, a*  shown  by  MellMni, Ios« 7'  be 

low  the  atmosjtherc  by  siui]»]e  radiatioi 
ill  Serene  nights.  Conijxired  to  this  re 
niarkaMe  Indian  result.  Leslie's  «xper 
inient  of  frcezinif  water  in  the  vacuum 
of  an  air-pump,  (over  t>uljiliurie  acid  t*] 
al»>«»rb  theN;i[»i»r.  liiT.  347,)  <^*ei us  simple; 
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What  u-e  i-i  made  t«f  ihe-.-  fiiit*  in  tli.-  ait*  !  l)i  "H-riln'  PaitinV  ili- 
pi*'tir.  OiiO.  Why  «1«h'-  iva|Mini!ii"n  jii«».Iu.m- inMJ  <iive  illu«tra- 
ti»»ns.  Why  does  a  sh<»wer  e<«ol  the  earth?  Why  are  wet  clothes  in- 
jurious? \Vhy  and  to  what  dei:ree  d*)  ponms  jar-  oot»l  wuter  I  How 
IS  water  fmzen  by  the  evaiKinttiiin  of  ether  I  How  is  it  frozen  in  In- 
dia when  the  elleruol  air  is  not  1  ch»w  40  ? 


Mi 


LATENT  HEAT  OF  STEAM. 


801 


and  easier  still  is  the  same  effect  produced  In  the  oyophonu  (or  froti' 

■  htmrer)  of  Dr.  Wollaston,  fig.  848,  where  a  portion  of  water  hi  one 

■  848 


bnlb  of  a  vacuous  glass  tube  is  frozen  by  its  own  rapid  eraporation 
due  to  cooling  the  empty  bulb  in  a  freezing  mixture. 

An  apparatus  has  been  successfully  contrived  by  Prot  Twining  for 
producing  ice  upon  a  commercial  scale  in  those  hot  climates  where  it 
cannot  be  carried  from  colder  countries,  by  the  rapid  evaporation  of  a 
portion  of  ether  confined  in  chambers  contiguous  to  the  water  vessels 
— ^the  process,  by  aid  of  an  air-pnmp  and  condenser,  being  eontinnons 
and  without  sensible  loss  of  ether. 

687.  Xiaftent  heat  of  iteam. — A  large  amount  of  heat  disap- 
pears or  is  rendered'  latent  during  evaporation.  According  to 
Begnault,  the  latent  heat  of  steam  is  967^ '5.  Its  determination 
is  made  in  a  number  of  ways. 

^  If  a  vessel  containing  water  at  the  temperature  of  82^  is  placed 
over  a  steady  source  of  heat,  it  receives  equal  additions  of  heat  lu 
equal  timesw  Let  the  time  be  noted  that  is  required  to  raise  the  tern* 
perature  to  212^.  If  now  the  heat  is  continued  until  all  the  water  is 
converted  into  steam,  it  will  be  found  tliat  the  time  occupied  in  the 
evaporation  was  6^  times  that  required  to  heat  the  water  through  the 
first  180^,  i.  e.,  from  82^  to  212^.  Consequently  b\  times  as  much  heat 
is  absorbed  during  the  evaporation  of  water  as  is  required  to  bring  it 
to  boiling  point  The  Utent  heat  of  steam  is  therefore  about  (180**  X 
6i)  990*. 

Again,  the  latent  heat  of  steam  is  determined  by  distilling  a  cer- 
tain amount  of  water  and  condensing  the  steam  in  a  large  volume  of 
the  same  liquid.  If  the  temperature  be  noted  before  and  after  the 
experiment,  it  will  be  found  that  the  heat  from  the  steam  formed 
from  a  pound  of  water,  was  sufficient  to  raise  Uie  temperature  of  ten 
pounds  of  water  99^.  Tlie  latent  heat  of  steam  is  therefore  again 
found  to  be  (99'  X  10)  990®. 

Experiments  conducted  in  the  simple  manner  just  mentioned  can- 
not  be  entirely  accurate,  owing  to  a  certain  lose  of  heat  by  vaporiza- 

(five  th«  philo?»<)phy  of  this  result  What  is  Leslie's  experiment  f 
What  use  lia^the  sulphuric  acid  in  fig.  817  f  Explain  Wollas«ton's  cy- 
ophoruA.  How  liave  these  principles  been  applied  by  Twining? 
637.  What  is  meant  by  the  latent  heat  of  steam!  How  much  is  it  f 
How  is  this  determined  by  a  simple  experiment  f  Uow  b^  <^vi»5&!^« 
Uon  1    What  errors  exist  In  these  results  ^ 
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639.  Hechaoical  force 
the  coDTersion  of  a  liquid  into  vapor,  a  certain  mechanical 
is  exerted.     The  amount  of  this  force  depends  on  the 


Give  the  latent  heat  of  Fteam  according  to  »eTeral  authoiiliai 
698.  What  id  the  whole  amount  of  heat  in  Ftcam?  How  baattt 
been  fseDerally  stated  7  Give  an  example.  What  correctioo  Iwve 
the  resalta  of  Regnault  Bupf»lied  ?  Wlmt  ia  the  co-eflScient  of  ecr> 
rection  for  each  degree  F.  (  639.  What  is  developed  during  eraiw* 
ration  T 
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^  of  the  vapor  and  the  increase  in  Tolume  which  the  liquid  under- 

Bai      Equal  volumes  of  different  liquids  produce  unequal  amounts  of 
vapor  at  their  respective  boiling  points. 

H       1  cubic  inch  of  water  expands  into  1696  cubic  in.  vapor  at  b.  point* 
^       1     "        "         alcohol     "        "      628      "      "        "        "        •' 
1     "        "         ether        "        **      298      **      "        "        "        " 
■^       1     "        **         turpentine        **      193      "      "         "        "        " 

Now  although  the  latent  heat  of  equal  weights  of  other  vapors  is 
bi  less  than  that  of  steam,  yet  no  advantage  would  arise  in  generating 
U  vapor  from  them  in  place  of  water  in  the  steam-engine.  For  equal 
■  volumes  of  alcoholic  and  aqueous  vapor  contain  neariy  the  same 
B  amount  of  latent  heat  at  their  respective  boiling  polnti^  and  such  is 
H    the  case  to  a  great  extent  with  other  liquids    The  eoat  of  the  fuel  in 

generating  vapor  would  be  in  proportion  to  the  amoimt  of  latent 

heat  in  equal  volumes  of  the  vapor. 

I 

11. — Oondeniation  of  vapors  and  gates, 

640.  Ziiqne£aotion  of  vapors,  or  the  conversion  of  vapors  into 
liquids,  is  accomplished  in  three  ways.  1st,  by  cooling  ;  2d,  by 
compression  ;  and  3d,  by  chemical  affinity.  Only  the  two  first 
of  these  methods  will  be  spoken  of  When  vapors  or  gases  are 
condensed  into  liquids,  the  same  amount  of  heat  is  given  out  as 
sensible  heat  which  was  absorbed  and  rendered  latent  when  they 
assumed  the  aeriform  condition. 

641.  Distillation  ia  the  snooeaiive  ewaporatlon  and  oondena»> 
tion  of  liquidi. — The  process  depends  on  the  rapid  formation  o 
vapor  during  ebullition,  and  the  condensation  of  the  vapor  by 
cooling. 

Distillation  is  used,  first,  for  the  separation  of  fluids  from  solids,  as 
Uie  distillation  of  ordinary  water,  to  separate  the  impurities  con- 
tuioed  in  it ;  2d,  for  the  separation  of  liquids  unequally  volatile,  as 
in  the  distillation  of  fermented  liquors,  to  separate  the  volatile  spirits 
from  the  wutcry  matter. 

642.  Alembios. — Distilling  apparatus  of  various  kinds  are  em- 

Upon  what  does  the  amount  of  force  depend?  Give  the  volumes 
of  vH|H)r  produced  by  a  cubic  inch  of  water,  alcohol,  Ac,  re^pec- 
tivelv.  Why  \A  there  no  advantage  in  steam  power  from  liquian  of 
low  Ijoilinj?  point  I  What  determine  the  coat  of  fuel  ?  640.  How 
are  va|>or4  condeni^ed  into  Hunid'«  I  How  much  heat  U  evolved  in 
this  process  7    641.  What  is  dirtillation  1    What  is  it  used  for  T 


plojed  in  Qu  art^  a  _ 

the;  tr«  appUed.  Tha  alnkbki,  fl^-  ***;  *>  tt*  iMrtaiMl 
its  inveDUon  ia  attributed  to  tb*  Anba.  It  eouUi  tf  ial 
parts;  flnt,  thebcHlerorBtlll,  O;  aecond,  tba  hMdivdM^r;^ 
and  third,  the  condeoBer  or  woim,  S,  8,r. 
•Die  Uqidd  to  bedUtUledleFlMedTUfalB  the  boHw.^Ukrti 
H«  or  eopperor  of  In^aiil 

^_he«tod    by  the  «N  bMAl 
^f        The  head  b  ^Arf  ^il 
dupe,  that  M7 partiHrf 
liquid   iniiiiwalwllj    m 
onr  «Uh   the  v^w,  k 
itond    to  the    baOK   ' 
vorai  lata  vUA  tfa  « 
^      puMa  la  k  ifrinl  Wb«  «•  I 
'.      talnedlakT^Mtof  irfl»| 
^ter,vh«r«fajthei^wkw 
—"^denMd  and  flttWB  fade  lki»l 
edviag TMwI,  r.    Aitli«  vateriKiapldly  wanned  fay  OMU^te  I 
erolTcd,  from  the  condented  vapor  it  rnnat  be  "™^-~1j  v 
By  means  of  the  tube,  (',  the  cold  water  U  inbi>diieed  atthalx 
the  v«Bftel,  where  the  vapor  should  be  perfectlj  eondcnud,  i 
warm  water  rUing,  e«ap««Uin)agh  the  outlet  tube,  n      WUk  tkliif  I 
peratuB  the  ordioarj  dutillations  are  carried  on  in  tlie  larn  wat. 

643.  Retort  and  reoolwor. — Where  small  qiuntitinef  Hfik 
are  to  be  distilled,  as  in  the  ordinary  operatiooa  of  fiw  Ui»  I 
tory,  retorts  or  flaaks  are  used. 
SCO 


glaaa,ai 
celain  oreartlMnwm   I 
and  of  the  alH^N  r^ 
aonted  by  fig.  351,  *    1 
The  boat  of  a  b 


be  applied  to  the  a. 
ked  gUaa  if  tfaa  raWt 
contains  only  vat*; 
but  if  ■  dan^  fl«dii 
UMd,  than  it  b  alwqi 

-  aafe  to  protect  tha^ 
by  a   afaAat   \x^^   p^ 

I-  acid  and  merooiy  aaj 


13.  What  ia  the  aleabicT    Deecribefig.  349.     How  U  it  Medl 
.  What  IB  a  retort  1     Dcicribe  the  ippanttua,  Gg.  800. 
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H    be  safely  boikd  in  glaaa    In  other  oases,  where  it  is  desired  to  ayoid 

i    A  beat  above  212°,  the  retort  is  heated  through  the  medium  of  a 

I     water-bath. 

I  The  receiver  may  consist  of  a  rimple  flask  attached  to  the  neck  of 
the  retort,  as  represented  by  &  The  ooollng  is  effected  by  water 
from  a  faucet,  dropping  continually  on  a  cloth  or  paper  wrapped 

'  around  it.  This  arrangement  is  sufficient  where  the  vapor  is  quite 
easily  condensed,  but  where  volatile  liquids  are  distilled,  other  means 
of  condensation  must  be  resorted  ta  The  most  efficient  apparatus 
for  laboratory  use  is, 

Liebeg^B  condenser^  fig.  851,  is  a  glass  condensing  tube,  A  A\ 
surrounded  by  a  larger  tube,  B^  of  metal  or  glass,  and  mounted 
on  a  foot 

A  funnel  conveys  cold  851 

water  from  a  reservoir 
to  the  lower  end  of  the 
encasing  tube,  and  the 
escaping  warm  water 
flows  from  the  delivery 
tube  into  a  vessel  beneath. 
The  vapors  to  be  conden- 
sed arrive  from  the  flask 
or  retort,  by  the  tube,  rf, 
and  meeting  the  cold 
walls  of  the  condensing 
tube,  are  liquefied  and  flow  into  the  receiver,  A 

A  similar  arrangement  was  employed  by  Lavoisier  and  Laplace 
in  their  experiments  upon  caloriroetry. 

644.  Fractional  distillation. — Liquids  of  different  volatility,  as 
water  and  alcohol,  the  various  ethers  and  essential  oils,  when 
mingled,  are  separated  by  what  is  oaXied  fractional  distillation^ 

In  the  laboratory  this  is  conducted  by  changing  the  recipient  from 
time  to  time,  as  the  boiling  points  and  specific  gravities  of  the  liquids 
may  indicate.  In  the  arts,  however,  alcoholic  and  other  liquids  are 
concentrated  by  a  single  distillation,  by  the  use  of  an  apparatus  con- 
sisting of  successive  chambers,  in  which  the  products  condense  in  the 
inverse  order  of  their  volatility,  and  the  latent  heat  set  free  by  the 
condensation  of  the  more  condensiblc  is  made  to  maintain  the  more 
volatile  in  vapor  for  the  next  compartment,  <&c  In  distilleries  this 
is  called  <rHtiliation  with  a  column  (Derosnc's  apparatus.)  Adams' 
condenser  is  another  similar  contrivance. 


What  is  Liebeg's  condenser,  fig.861,  and  how  is  it  employed  T    644. 
What  is  fractional  distillation  7     How  is  it  employed  in  the  artal 


•4ft.  VbftkotLUimMkf  oi 
betwam  gMM  and  TifOffB  v  BMN^OMof 
tityin  nuuny  of  their  physicid  proiigrtieii  haaalna^lNn 
Thus  the  rmtio  of  ifaeir  ezpurton  hf  hmit  iB-^mmmmmMi 
the  permaaent  guet.     A  perauttMut  -^u  bmj  bii 
M  a  wper-heated  uipor;  tiw  v^por  of  a  liqvid  wlikb 
at  Tery  low  temperatares.    GaMb^Ukevaponiiiii^bi 
hito  liquids,  and  by  Tery  aiiiiilar 

646.  Thmcary  of  tbo  MgoalantloB  «bm 

As  a  gas  is  a  super-heated  y^ior,  if  the  «zooM  of  heat  k 

the  gas  is  In  the  same  oonditloii  as  in  ordinary  Tapor, 

only  sufficient  heat  to  mafaitain  K  in  ttie 

the  compression  of  a  gas,  heat  is  ofcdned,  «itiMr  bj 

its  spedflc  heat  or  by  rendering  awiinble  ttie  ImbI 

K  the  compressed  gas  u  then  aurToanded  bjj-  a 

the  further  abstraction'  of  heat  oaaaei  the 

liquid  of  a  corresponding  portion  of  gUL     It  §m  tf*^  ly  ^ 

densing  and  cooling  gaaaSi  that  their  liq[aeiMtiQii  mmI  mHI^ 

tion  have  been  efifocted. 

647.  Carbonic  acid« — ^Before  describing  the  means  naad  til^ 
quefy  and  solidify  the  different  gases,  a  few  woixls  may  be  mi 
of  carbonic  acid,  ai^d  the  methods  of  preparing 

Carbonic  acid  is  a  colorless  gas  haTing  a  slight  odor  and 
tibly  sour  taste ;  its  density  is  one  and  a  half  times  that  of  ah*.  f( 
r529.)  It  is  easily  prepared  by  adding  Bulphmie  or  ehlonlifM 
acid  to  carl)onate  of  lime,  carbonate  of  soda,  or  any  <»tker  caibiMU 
Carbonic  acid  is  soluble  in  water,  and  to  whatever  pr^mar^  It  Ht 
be  subjected,  water  will  absorb  bnt  an  equal  Tolume:  Tlam 
the  ordinary  pressure  of  the  atmosphere  it  will  absorb  one 
if  the  gas  be  subjected  to  the  preasore  of  two  or  three 
it  will  also  absorb  one  volume.  But  under  these  preasarea  the  fli 
will  be  compressed  accordingly,  so  Uiat  an  equAl  volume  will 
two  or  three  times  as  much  gas  as  under  the  ordinary 

Water,  which  has  been  charged  under  pressure  with 
acid,  forms  the  so-called  soda-water.  When  the  preisare  is 
the  water  is  not  capable  of  holding  in  solution  so  much  of  the 
bonic  acid  as  Wfore,  and  the  gns  esseapes  in  torrents  of  small  bobUca 
Tliis  U  called  effervescence.  During  the  manufacture  of  champen^ 
carbonic  acid  is  generated  in  large  quantity  in  the  liquid  hy  tuiutm 


615.  What  is"  the  difference  between  gasc:*  and  vnpors  ?  How  mar 
gases  be  defined  ?  646.  What  is  the  theory  <if  liquefaction  and  s^i^ 
ification  of  gases  1     How  may  Uiis  be  practically  aocomnlish^  f 


»-t»tioiL     Ab  soon  as  the  wirea  confining  the  corh  are  tut,  the  cork 
^  flies  out  Tith  an  eiplomon.  and  the  eiceaa  of  gas  escapes  with  effer- 

^       64H.  Soda-w«t«r  appuatoa. — Apparatus  for  preparing   soda- 

n  mter  hiiI  other  eSerreecent  drinks,  are  of  various  forms.     The  j 

M  vc  mil  conBtrueted  upon  the  prindpla  of  gencntiog  the  carbonic 

_l  add  in  a  confined  space,  in  communicatioD  with  a  dosed-TeSBel 
eontaining  water. 

A        Tig.  Sfi2  represents  a  closed  metal  or  ttroDg  glaMware  Tenel,  di* 

y    Tided  Into  tvo  compartments,  A  and  S.     A  late-  Stii 

ral  tnb«,  a  b,  allows  communication  between  the 

'  two,  A  mixture  of  bicarbonate  of  soda,  five  parts, 
and  tartaric  acid  fonr  parts,  In  dry  powder,  U  pat 

V    into  A,  and  the  aperture,  •,  is  dosed.     B,  Is  filled 

'    entirety  ftill  with  water,  and  the  cap,  ■,  and  tabe  are 

^    Mrewed  ia     The  tube,  a  i,  allows  as  moeli  water 

4    to  6ow  into  A,  as  corresponds  to  the  space  abore 

I    a.     As  soon  as  the  water  reaches  the  powders  In 

g  A,  chemical  action  commences,  and  the  esrbonie 
add  gas  is  furdblj  condensed  tn  contact  with  the 
water  in  B,  which  is  thus  saturated.  After  some 
boors,  efTerrescent  water  may  be  drawn  from  (be  a   ] 

'      cock,  r,  the  tube  p,  ■  descending  to  the  botto 

Ijie  upper  vessel  Artificial  champagne  is  thns  pre- '' 
pared  from  illll  wines,  with  the  addition  of  sugar- ~ 
candy,  and  artificial  mineral-waters,  also,  by  placing  the  proper  ingre- 
dient in  S. 

Breit  haa  coatrived  a  much  noater  apparatus  for  tbis  purpose, 
composed  of  two  agg-abaped  glass  veoeela,  covered  bj  basket- 
worlc,  but  identical  in  prindple  with  the  above. 

The  teda^o«»laiiu  of  our  citiea  are  supplied  with  strong  me- 
tallic vesBels  of  copper  or  iron,  which  arc  charged  by  a  fbrcing- 
pump  similar  to  fig.  867,  driven  by  a  steam-engine. 

The  term  toda-aaUr,  is  usually  a  misnomer  for  gaseous  water, 
and  soda  is  seldom  an  ingredient  of  it 

640.  FatadaySi  tnbas^— In  182S,  Faraday  liquefied  chlorine, 
cyanogen,  ammonia,  carbonic  acid,  and  some  other  gases,  by  the 
following  simple  means. 

For  thill  purjHisu  the  mntcrials  from  whirh  the  gas  was  to  he  evolved, 
I'roTiileil  tlii'y  were  sutids.were  placed  iu  a  strung  glass  tube,  Ix'iit 
at  un  obtiiiieiingUMirurUieniiddU^fig,  363.  and  the  open  i-ndiiluTiNcli- 

Whatla 


sgs  BtAt.  J 

etUysealed.  EeatWBi  thraftpplied to tli«end«ontaU^tka»{ 
lialB,  (e.  g.  cynali  of  m«rcniy,)  while  the  empty  end  vac  oratfd  a  1 1 
353  froedng  mlztare.     TStt^j 

'e  of  I  he  pan  tvplMil  B- : 
Bnull  m  space,  uniled  vitkft  ; 
cold,  liquefied  a  poilicaolt  > 
OtherwiM,  if  flaidt  t«'.  ! 
*b«   employed,    Uietotitk.- 
the  shape  Meo  in  fig..3M.    Tlie  fliuda  were  Introduced  by  tbi  ■»- ' 
fnnnel  a,  n,  into  tbe  currea  e  and  t,  and.the  end^  ■,  rf,  -wen  thfs  iw  ^ 
S54  b;th«  blow-pipe.     By  a   rimide  titrndC^I 

tube,  all  the  fluid  contents  are  traarfcndv  I 
1 0  the  «Dd,  a,  fig.  3Ga,  and  the  empty  tad,!)  | 
placed  in  a  freezing  mixture  where  the  fiq:^  I 
gaseollect*.  Any  flnid  which  diatUaoTtrkc  I 
a,  coUeeta  in  the  bottom  of  the  middle  OR  I 
A  tninnte  manometer  waa  Introdneed  ^  f^  [ 
aday  Into  thew  tnhea,  in  order  to  detoaia  I 
the  preccoreat  which  llqaefiM^on  oecami  I 
The  raanomcter  was  a  amall  glaaa  lobe  imIk  I 
at  one  end,  and  holding  a  drop  of  tnerfon 
the  inixli  ofrvadin^  the  pressure  ba«  b.<«D Ir 
fi)rc  (.xpbiineil,  [347.) 

Great  dan^r  of  exploMon  attended  the  m 
cif  tlii<e  tabi.'e;and  to  aroid  thia,  and  attl^ 
_  Mime  iiine  to  obtain  hirgtr  Buppli.-i  of  <b(  .■ 

35.1  <iiii.l  «n-  m  a  iiiunngoal.|»   ^hajM? ;  ThiloriH 

in  France,  und  JlilrhcU,  in  tlie  U.  S.,  dvvi^d  an  appamttu  of  ir« 
(130.  Thilorier'B  apparatua,  for  liquefying  and  solidifving  as- 
bonic  acidfiniR.  altlioiipligoingout  of  use,  (a  much  more  desinlw 
apparatus.  Hiaiiclii's,  having  been  invented,)  yet  dcsorves  incntii<r, 
«s  being  tlit<  means  by  wliioh  largo  quantities  of  liquid  carbotuc 
acid  weni  llrst  prcparcil.  Fig.  350  represents  this  MpparatusioiK 
essential  di'tnii.v. 


m-, 


of  ll 


Date  iif  hkU  iiikI  n 


I*  i»ii  Blrong  onst  iron  vp<»«.l,y,  )„„,g  (t 
it  in  |>ut  the  rnini*ite  qiiantitr  of  bi<»rt'>- 
.1  a  e.i,.p.r  tub.,  a,  l>..l,iiug  an  .-quivibBi 


ealb-.likub.-n:>t.'rr  >;!■.>.  Wl,;ii 
Explain  ill-:  liil--.  ilir*. :..'.:;. ;;,". 
their  DM!  I     Caa  WIml  i.  Tliilor 
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■    taming  it^yer  on  its  oentrwL  The  add  then  flows  from  the  tube  npon 

1^    the  carbonate  of  soda,  and  an  enor-  866 

I     mons   pressure  is  exerted  by  the 

I     aucceseiye  portions  of  carbonic  acid 

\     gas  evolved.    In  a  few  nunutes  the 

I     chemical  action  is  complete,  when 

I     the  generator  is  connected  by  a  me- 

I  tallie  tube  with  the  iron  receiver, 
r,  made  very  strong,  and  which  is 
also  surrounded  by  a  freezing  mix- 
tare  of  ice  and  salt  As  soon  as  the 
stop-cocks  are  opened,  the  liquefied 
gas  distils  over  into  r.  When  the 
rush  of  the  gas  is  no  longer  heard, 
the  stop* cocks  are  closed,^  andr 
are  separated,  and  a  fresh  charge  is 
introduced  into  the  generator,  and 
from  thence  into  r,  as  before.  In  this  way  several  quarts  of  liquid  car- 
bonic acid  are  accumulated  in  the  receiver.  The  stop-oook  of  the  ves- 
sel, r,  is  in  conununication  with  a  tube  which  passes  into  the  lower 
part  of  the  receiver,  so  that  when  the  stop-cock  is  opened,  a  jet  of  liquid 
acid  is,  by  its  own  pressure,  forced  out  If  a  strong  glass  tube 
be  properly  refrigerated,  a  portion  of  the  liquid  acid  may  be  safely 
drawn  off  into  it.  By  securing  the  jet,  j,  to  the  reservoir,  liquid  acid 
may  be  made  to  play  into  a  cylindrical  box  of  brass,  b,  furnished  with 
perforated  wooden  handles  to  allow  the  free  passage  of  the  gas.  The 
rapid  evaporation  of  a  part  of  the  liquid  gas  here  absorbs  so  much  heat 
from  the  rest,  that  a  considerable  portion  is  converted  into  a  fine 
white  solid,  like  dry  snow,  which  fills  the  box.  The  properties  of  li- 
quid and  solid  carbonic  acid  will  be  described  in  a  succeeding  para- 
graph. 

From  the  enormous  pressure  exerted  in  the  generator  of  this  appa- 
ratus, tlie  experiment  is  attended  with  considerable  danger.  A  num- 
ber of  fatal  accidents  have  resulted  from  the  explosion  of  the  gene- 
rator. Tliilorier's  apparatus  has  in  consequence  been  superseded  by 
other  forms  of  apparatus,  in  which  gases  can  be  liquefied  without 
danger.    The  most  successful  of  these,  and  now  generally  used,  is — 

651.  Bianchi'i  apparataa. — If.  Bianchi,  under  the  direction  of 
M.  Dumas,  has  constructed  an  apparatus  designed  to  compress 
gases  by  means  of  a  force-pump.  The  figures  357,  858,  repre- 
sent this  apparatus. 

Through  the  tube  S,  fig.  857,  the  dried  gas,  (derived  from  a  self- 


Explain  its  action  from  figure  856.     What  objection  exists  to  it 
use  T     661.  What  is  Bianchi's  apparatas  t 


which  oUxrwlMbaMiMi 
M  wDrUBgaTAa^ 
'  The  liqniflea  gM  U  nauor^d  ^ 
iiteoaneetlog  the  reB«rT<rir  from 
ihe  fopcepurapand  upeniDg  the 
orifiee  at  ft     It  ia  received   intoi 
a^luB  tubeiurraunded  hy  piun-l 
i«e-*tone.  moUtone'l  witli   sulphuric  acid,  in   ord«r  to 
prevent  the  condviiMition  of  molMure  in  the  interior  of  Um  ^m   1 
With  this  apparatua.  even  nitrouB  oxy d  hu  bsen   )iqn«fiad,  aad  d 
danger  of  explouon  U  iruided. 

GS2.  ZJqold  and  solid  oarbonio  add. — Ijquid  akrixxdc  kU  k 
colorless,  like  wkler,  tuid  has  a  densitj  of  D'83. 
of  ezpaiiBion  is  more  than  four  times  that  of  ur.      Twcn^l^ 
lunes  of  the  liquid  at  33°,  becoming  !9  volumes  at  6S". 

TIic  »olidiGed  avid  obtaiDcd  by  tlie  evaporation  of  a  portioiiaf  fc 
liquid,  spiwara  Id  the  furm  of  »now;  vh^n  congealed  by  ial^ 
ecjj  alone,  it  in  cl>«r  nud  trantpureDt  like  iea.     It  melt*  at  a  taii 

of— 70*F.  Biidisheaviortlianlheliqutdbathingit.  Tb«aa_ 
avid  may  lie  preferred  for  niunv  hours  if  it  be  lurrannileil  with  mOM 
or  some  olli.r  jHwir  condiicK.r  of  bent.  It  gradaally  vaporUaa  wift' 
out  HB^iiminiz  the  liqitid  forrn.  The  teiuptnturc  of  tbia  solid,  aa  da- 
tcTmiurd  by  KnradarV  eiperinicnt^,  is  sIkiuI  1<)6°  Wlow  0°  P,  U- 
thou|ih»o  iiitt'U^-iy  cild,  iluiny  be  hniidkil  witli  impunitj-,  and  wba 
tlirovn  into  water,  tlie  bitter  it  not  fniien.    Tlie  cau»«  of  thaaa  n- 

Deacribe  It  from  fi|{&  S6T,  S33.  Hi.  What  are  th«  BRntcitlM 
of  liqidd  cvbonio  acid  t  What  of  the  aolid  1  What  la  lu  twmM> 
tura  r    Why  e*n  it  be  aatelf  handled  T  ™i«— ■• 
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-^  markable  plienomena  is,  that  the  golid  acid  does  not  come  in  aLpolute 

contact  with  tlie  hand  or  -water,  because  rapidly  evaporating,  it  is  con* 

iDtly  surrounded  by  an  atmosphere  of  its  own  vapor,  which  is  a  bad 

^conductor  of  heat     By  compressing  the  solid  between  the  fingers, 

r^  whereby  ^rect  contact  is  produced,  the  skin  is  destroyed  as  by  a  hot 

» 1  iron.    By  moistening  it  with  ether,  to  which  it  has  a  strong  adhesion, 

-.  ita  low  temperature  is  at  once  manifested.    If  mercury  is  placed  in  a 

^  wooden  badn  and  covered  with  ether,  and  then  soUd  carbonic  acid 

bo  ftdded,  the  mercury  will  soon  be  frozen.    The  temperature  re- 

:  quired  to  freeze  the  mercury  is  about  ^-SO**  F.    This  frozen  mercury 

*5  may  be  drawn  into  bars,  or  moulded  into  bullets,  or  beaten  into  thin 

^    plates,  if  the  operations  be  performed  with  wooden  instrumentsw 

658.  Later  reaearches  of  Faraday.^ — In  1846,  Faraday  pub- 
I    lished  the  results  of  his  experiments  on  the  liquefaction  of  gases 
'    by  means  of  solid  carbonic  acid.    With  a  mixture  of  this  solid 
and  ether  in  the  vacuum  of  an  air-pump,  he  obtained  a  tempera- 
ture as  low  as  — ICe**  F. 

In  such  a  bath,  at  the  ordinary  pressure  of  the  atmosphere,  chlo* 
rine,  ozyd  of  chlorine,  cyanogen,  ammonia,  sulphuretted  hydrogen, 
arsenirutted  hydrogen,  hydriodic  acid,  hydrobromio  acid  and  carbonio 
acid,  were  obtained  in  the  liquid  form  under  moderate  pressurea 
These  liquids  were  colorless,  with  the  exception  of  those  from  chlo- 
rine and  oxyd  of  chlorine,  which  are  colored  gases  in  the  ordinary 
atate.     A  number  of  the  liquefied  gases  were  solidified.    The  solidi- 
fied ammonia  and  sulphuretted  hydrogen,  resembled  fused  nitrate  of 
ammonia ;  euchlorine  appeared  as  an  orange-colored  crystalline  solid ; 
the  other  gases  that  were  solidified,  appeared  in  the  form  of  clear 
transparent  solids  resembling  ice,  as  was  the  case  with  carbonic  acid. 
With  the  five  gases,  hydrogen,  oxygen,  carbonic  oxyd,  nitrogen,  and 
nitric  oxyd,  which  have  the  same  co-efficient  of  dilitation  as  air,  no 
signs  of  liquefaction  were  obtained  by  Faraday,  although  they  were 
exposed  to  a  cold  of  — 1 66"  F. ;  the  first  under  a  pressure  of  27  at- 
mospheres, the  two  last  under  a  pressure  of  50  atmospheres,  and  car- 
bonic oxyd  under  a  pressure  of  40  atmospheres. 

654.  Tabla  of  the  Uqnafiiction  and  solidifioatlon  of  gases. — 

The  following  table  gives  the  results  of  Faraday  on  this  subject. 
The  solids  were  usually  heavier  than  the  liquid  from  which  they 
separated. 


.What  effect  has  ether  on  it  1  How  is  mercury  frozen  by  it  and  what 
is  its  character  ?  668.  What  results  did  Faraday  obtain  by  it  in  1845  1 
What  tiMnperature  did  he  obtain  1  What  gases  did  he  liquefy  by  this 
cold  ?  What  is  said  of  the  solid  gasee  f  What  A\e  gases  resisted  li- 
quefaction, and  at  what  temperatorea  and  pressure  f 
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653.  Nattwert  axperimniti. — Tho  most  intense  d«f 
cold  that  has  as  jet  bi'cn  obttunrd,  was  first  produced  ' 
NuitoriT,  liy  incnnn  of  a  Ijath  composed  of  liijiiiil  iirovu 
iiilrii^'i-n  luid  bisiil[>htd  of  I'arhuti.  IIo  roi-ords  u  li'iuin-riT 
— 'J'Jii  V.  lOvfii  at  ihis  low  d.'tiijii-i'alui-i.',  lii(iii<l  cliloruK'  ii'. 
Kiili'liiil  ul".'i.rl.nii,  iirt'swvt'  llivir  lliiidily.  Mi-rciirv,  tlir-.u: 
n  liath  111'  liijiiid  iinHoxyil  of  iiitrom;n.  Itcmjioraturu  ly. 


MiikA. 


li.  |,r 


villi  : 


I.  Variations  from Mariotto's  law. — li  hji^  ln-i'ri  st'iti-! 

liu-  l.i  Miirinll.'V  law,   lh,.vnllll,n-  l.fil   -„.;   „-;w   il.V.T^, 

rr  ..l.>..,v..,l  ai   ih..  ,.r.liii!.ry  loi.ii^Tiiur,-.    wiih   Ihv 
.■..ti.|.Ti.iM,'  s;.i.-.->.  a-  Mili.l,ii>vn.'.l  liyifv-,.,,  ;„„>  ..,-.,. 


1  <li-l 


ill  ihi- 


u-.f..tl,.»..: 


11^  ,,(■ 


fniiu  Muriuttc.  luu"  imt  Ik<: 


^\l...t  J.,^ 


OAT   LUSSAC'S   METHOD.  403 

Strong  glii*^  tubes,  furni:^hed  with  interior  manometer  gauges,  were 

ially  tilled  with  water,  alcohol,  ether  and  other  liquids,  and  her- 

itically  i^ealed.     The  temperature  of  the  tubes  was  then  gradually 


sedL     Ether  becomes  a  vapor  at  328°,  la  a  space  equal  to  double 

original  bulk,  exerting  a  pressure  of  37*6  atmospheres  ;  alcohol  at 

temperature  of  iOi'^'d,  with  a  pressure  of  119  atmospheres,  and 

iter  disappeared  in  vapor,  in  a  space  four  times  its  own  bulk,  at 

^  temperature  of  about  773**.     If  Mariotte's  law  held  good  in  these 

.068^  the  pressures  exerted  would  have  been  very  much  greater  than 

•0  actually  observed.     Even  before  a  liquid  wholly  disappears,  the 

affticity  of  the  vapor  is  found  to  increase  in  a  proportion  &r  greater 

^    .aan  is  the  case  with  air  at  equally  elevated  temperatures.     It  is  not 

'merefore  surprising  that  mere  pressure  fails  to  liquefy  many  bodies 

'''hich  exist  ordinarily  as  gase&     De  la  Tour  announced  the  following 

Vw  as  the  result  of  his  experiments,  vix: 

i  There  it  for  every  taporizable  liquid  a  eerMM  temperature 
"""'vnd  pressure  at  ufhieh  it  may  he  converted  ini0  the  mr\ferm 
mmtate^  in  the  same  space  occupied  by  the  liquids 

12. — Density  of  vapors. 


^^    657.  QsLj  liossac'i  method. — The  accurate  determination  of 
^~ihe  density  of  vapors  is  of  great  scientific  importance,  as  it  often 
^^^throws  light  upon  the  composition  of  a  body.     Two  methods 
have  been  proposed ;  the  first  is  that  of  Gay  Lussac,  and  is  con- 
ducted as  follows. 

I^y  A  graduated  tube,  C,  fig.  859,  filled  with  pure  dry  mercury,  is 
^  placed  in  an  iron  vessel  containing  the  same  liquid.  A  weighed  bulb 
^  of  thin  glass,  A,  is  filled  with  the  liquid  whose  vapor  is  to  be  determined 
^  and  sealed.  The  bulb,  after  being  again  weighed,  is  then  slipped  un- 
der the  edge  of  the  tube.  A  glass  cylinder,  M,  open  at  both  ends, 
•urrounds  the  tube,  C,  its  lower  end  resting  in  the  mercury,  it  is  filled 
^  with  water  or  oil.  A  thermometer,  T,  indicates  the  temperature  at 
li  which  the  operation  is  performed.  Tlie  heat  applied  to  the  kettle,  is 
■I  gradually  communicated  to  the  liquid  in  M,  and  the  tube  C,  When 
r  I  the  teni]K*mture  rises  to  a  certain  height,  the  glass  bulb  is  broken  by 
H  the  exjMinsion  of  the  liquid  it  contains,  and  the  liquid  quickly  vai)or- 
^i    ize:«,  depre^ing  the  mercury  in  the  tube.    The  volume  of  the  vapor 

^  (Uve  hi.H  mode  of  experiment.     Qive  the  pressures  and  toinpcra- 

A  ttire  from  ether,  alcohol  and  water.     What  evidence  is  there  here  of 

H  non-conformity  to  Mariotto'i»  law  f    What  law  did  Caignanl  de  lu  Tour 

§  announce!     657.  Bv  what  two  modes  is  the  density  of  vapor  doter- 

I  mined  t    Describe  Qay  Luisac'f  from  Ag.  869. 


ii  indicated  hy  the  Bmnb«r  of  dtvUe^  of  &■  lAaftM^ 
SBS  ei»c*^  of  «Mt  rfft—  iiH^ 

ofJlnMyfmijjwtM^h^h 


tub^  tmUft— 
vi^kor  b  ■alJMtad.  ~ 

Bj  (alonlirtliif  tlM  ««l^«<n 
of  idr,  vhloh  t    '      ~ 


viqw  by  that  of  tlw  ah;  «iM 
tbs  <nipar  fa  rMafnnfl. 

TUa  BMOkod  Minet  %•■ 
liquid*   bcdUug  at    t^apMal 

itbod,  the  density  of  npctian 
letermined    eren    whm    tbt  M 

points  of  their  liquids  is  as  high  as  660*;  at  hi^wr  t^ifowl 
ordinary  glass  Eonens. 

This  method  consists,  essentUUf ,  in  flUing  a  i],UiwTwBiW»* 
the  vapor  and  weighingit;  this  weight,  divided  ty  Ihtwj^ 
of  an  equal  toIuiqc  of  air  under  the  sua«  arciunatiBM^^ 
the  density  of  the  Tapor, 

The  bnlluon  of  glnu  uped,  B,  fig,  3S0,  baa  a  long  alcndcr  Mdt* 
a  capacity  of  about  lialf  a  litr«,  (1  piot.)  After  bting  dl«rfl 
dried  vithln  aLd  irithout,  itia  veighed,  (/>,)  and  a  portioBrfte' 
itnnc«,  wboBe  vapor  is  to  bv  detemiiaed,  placed  within  it  Th*^ 
aupportfd  in  the  nianncr  Bhovnin  the  Sgare.istheninnDmidhI 
bath.  Tills  v?»cl  cootaina  aaline  lolntioTiR,  oil,  aiilpbnria  aA 
tome  easily  fiidblc  oUoj.  The  temperature  of  the  bath  fe  mM 
raised  t«  ajxiiut  romcwliat  higher  thau  the  temperature  of  cbd 
of  the  liquid  nithln  (lie  bulb.  When  (he  liquid  within  th«  bA 
all  vaporized,  the  neck  is  seated,  and  llie  lemperntun-  of  the  baA 
hnght  of  the  baroinetiT  notvd.  Aflfr  tbo  Iwlloon  is<H>o]ed  anddM 


How  is  the  remit  enlralalcdl    XCImt  limit  has  tlila  method  I  I 
What  ia  Dnmaa'  mrthod  1    DeMribe  the  apjiaratua,  Bg.  sqo^ 
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UD  MTefullf  vdghed.  (P.)   llieeDdofthe  neok  ofth«  b«llooa 
brokeo  off  beneBth  the  Bur&ceof  S60 

ry,  -which  nuhes  np  into  the  vaci 
iu«d  bj  tha  condeDwtion  of  the  vi 
d  BUb  iL  Thia  mercary  is  meuared, 
dlcAtea  of  coone  th«  capftcity  of  the 

firat  weight  of  the  balloon,  P,— 
Ight  of  the  air  It  cont^ned  give* 
light  of  the  glass.  F,  composing  it 
lOiag  this  from  the  ■econd  weight, 
■re  is  obtained  the  weight  of  a  toI- 
'  vapor  equal  to  the  capacity  of  the 
The  Tolume,  temperatare  and 
re  of  the  vapor  being  known,  its 
r  ti  eA^y  aaecrtained,  after  deter- 
;  the  weight  of  a  Tolutae  of  ».\t 


SPBBROIDAL  STATE. 

Bpharold*!  •Uta. — Drops  of  wfttar  scattered  on  a  polished 
t  of  beat«d  metal  do  not  immedistely  disappear,  but  assume 
■m  of  flattened  spherta,  rolliog  quietly  about,  until  they 
lily  evaporate.  If  the  metal  has  not  a  certain  temperature, 
tlted  by  the  wal«r  with  a  hissing  sound.  This  obeerration 
ade  in  1746,  and  ten  years  after,  Liedenfrost  called  partio- 
ttention  to  the  phenomenon.  Doboreiner,  Laurent  and 
,  also  experimented  upon  this  subject  They  found  that 
solutions,  as  well  as  simple  liquids,  would  act  in  the  same 
X  as  water.  It  is  howorcr  to  Boutigny,  that  we  are 
ilarly  indebted  for  the  investigation  of  the  phenomena  of 
baroidal  stale  of  liquids. 

mwbatlOD  of  tha  ipharoldal  atale. — The  above  esperi- 
nay  be  variomly  performed,  acoonUng  to  the  ingenuity  of 
periroenter. 

uU  imooth  brass  capmle  ti  heated  over  a  lamp,  fig.  S6I,  and 
Iropeof  water  allowed  to  (all  upon  it  from  apipett«  ;  the  drop* 
wet  the  metalllo  snrlaee,  but  roll  about  In  spheroidal  globules, 

-  Is  the  result  of  the  cipeiiment  caleolated  I  SSS.  What  is  the 
Idalstatel  Who  ha«  investigated  thia  subject)  tW.  Illus- 
le  bcU  by  %  SSI. 


'^ 


»"  •>«,  luMtba  ftcH  «f  to  «lhk  ^ 

(^^^^        ev«|M>r»ta«  bat  itawfy.     Hk  h  fc< 

III        vIieiL  lfcat«ap«Ma>«Uhtoa^lfc 
1        I       *       ttiB  Ilqoid  win  bant  lata  tUm< 

Hm  i9h«nidil  atalB  m^  b«  iRodnoad  ta  ft  wcH 
in  Um  air,  upm  Qm  ^dmUi  ra&oa  ofBiaat  iril^  a 

tfaenrfemaniqidb. 


k  ahrajB  lovw  tlun  thdr  trffflig  t^^ 
was  datemiiMd  hj  Bootimj'  Ijh^ 

iMicato  thviBOBBaUr  In  ths  ^^m^Im 
fellfrm.  -.^ 

TTinir-T'  tiitiwiiMrtMnlllMl 
water;  isr-t that <tf  alcohol ;  ta* ■•^23 

IS°'l  that  of  iulphurous  acid. 

Th«  t«mp«ratiiT«  of  a  •phorotd  ia  B«t  f^H 
nit«  u  tha  temperatnra  of  ebsIUCioa  «f  te  Ijl 
but  rises  somavhat  u  tha  plata  npMt  lAUII 
'  is  more  iotonsaly  haatad. 

The  Umpertttvre  t^f  ik«  yfafat.-   ^ttt| 

ratuN  to  which  it  ia  >>ec«asKi7- tobMte^ 

,  in  order  to  prodncft  Ae  Bphcnrfdal  aUk'd 

^  with  the  bolting  point  of  the  liquid  ^nlgri 

Thae  with  watar  tha  apheroidal  state  is  pr(tdiie«d  Trhta  thj 

is  at  a  tcmparatara  of  M0°,  aod  maj  attain  it  •▼«■  at  Mf*  1 

alcohol  and  ethar,  the  plate  mmt  have  at  leaat  the  ImiM 

of  STS°  and  143*   raspaetiTaly. 

6B3.  Sphwoldal  itat*  prodncadnpon  tbo  Mnift^^  <tfM^ 
A  highly  heated  liquid  may  cause  the  spheroidal  staCa  ta^ 
liquid  of  lower  boiling  point  than  its^ 

Tho*  Palouia  foODd  that  water  aKamad  tha  M»hai«aU  < 
«n  Tary  hot  oil  of  tiirpantine,altliODgli  the  water  iath*  d«M«ii 
Bontigny  has  thns  snstained  water,  alcohol,   an  j    atbar    «■ 

How  does  the  rph«rold  self  When  (he  metal  coola  w^t^^ 
Hov  else  may  this  itatc  be  produced  I  sn).  What  ia  mU  afM 
paratBre  of  Iiodies  in  this  atate  I  How  is  this  danionatt^^  t  1 
Is  ^d  of  the  teoipanture  of  tlie  plate  t  At  what  teaHMJ 
do  water  aod  alcohol  become  apheroidal}  Ml.  How  t^^^S 
qvidat    W  hat  Ji<,iiid.  Um  i...  ili     i.  .   ,  -  »  wp 
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vrio  Mid  nwrly  >t  iti  boiling  point.  With  nffieleut  ]>TM«itions 
ininber  of  liquiil>  m*;  b«  thus  piled  one  upon  the  oth«r. 
663.  Th«  ntpldlty  of  oTaporatloii  of  bodies  in  this  state  in- 
eascfl  with  tlic  temperature  of  the  plate,  as  is  proved  by  the 
lowing  ciperimcnls  ofBoutigny.  The  same  quantity  of  Wfcter, 
■10  graiDine,  or  1-634  gre.)  was  evaporated  in  each  case. 
itb  the  plata  at  the  temp,  of  392°,  the  water  gfap.  in  S07  Mooada. 
"     "      "762°,'  "       "        "        *'    fll 

■  "      "       "  doll  red  heat,  ■'      "        "        "    7»        " 
"      "      "       "  bright "    "                "      "        "        "    60     .  " 
Water  in  the  spheroidal  state  erapotates  much  more  slowly  at 
.  temperature  of  ordinary  ebullition.    Thus  when  the  plate 
m  at  the  temperature  of  212°,  010  grras  of  water  evaporated 

i  seconds,  and  w^en  at  the  temperature   of  893°,  in  807 
Mmds,  or  less  than  one-fiftieth  part  as  npidly. 
tun.  The  tanparatura  of  the  vapor  from  a  spheroid  to  nearly 
e  same  as  that  of  the  plate  upon  which  it  rests,  which  proves 
it  the  vapor  in  not  disengaged  trotn  the  mass  of  the  liquid. 
666.  A  Uquld  in  the  iphnoidal  atata  li  not  In  contact  with 

■  haatad  lur&oa  beneath. — This  must  appear  on  reflection 
on  the  beta  already  stated,  and  may  be  demonstrated  as  fol- 
n. 

ihorizoota]  illver plate  iisunnonnted by  atnbeof  theaamametal, 

.  sas,  whoae  lower  edgai  have  two  longitudinal  ilili  oppoaileto  each 

lar.      The   plate    ia  883 

leed  npoD  Uie  eoU- 

a,   which  ia  nicflly    ^^ 

{nated  to  a  perfect  -^T 

'el  by  the  *crew«  in 

I     triangnlar    baea. 

T«T  li  employed  to 

iddthe  formation  ot  _ 

Jet  of  ozyd  of  cop* 

f,  which  would  in* 

erfera  with  the  oh' 

TatJoD  by  Interpodng  th»n»*lve*  to  the  light 

(Oian  the  piala  heated  over  the  lamprtaehea  the  proper  tempen- 

t,  a  portion  of  water  ia  plaoed  upon  lt«  oeatn,  and  immediately 

nme«  the  apheroidal  condition.     Placing  the  eye  on  a  level  with 

MS.  What  I*  tha  rapidity  of  evaporation  of  bodie*  in  thi"  atate' 
re  example*,  llov  doe*  it  compare  with  the  evajioration  at  lioll- 
•  pointi  ««*.  What  iithetemperatureof  the  va|M>rl  685.  How 
t  proved  that  a  liquid  In  thiaitate  doe*  not  tooeh  the  plate  T    £i- 


tta  ihll rf Ifce pto*. ■»J  I«okiDg  tbraogh  lh*ifa«i 
■d«aftibalu1>B,  ih*  Oune  ofm  csnille  (>pp<Mit«  H;k' 
•M&  nk  fetfoU  M>t  ba{>peD  if  the  liquid  wu  ia  ea^ri 
IM  |J«t<.     If  •    thick   AB<]    Imrr  ■!»> 

li«t«d  to  fnU  wbitencM  oT«r  ibawUffc'ii 
bj  a  •droit  moTemsiit  be  AUwlMMki^iil 
Ur,  and  Kt  upon  a  stasd.  •ome  i 
inM  dedinM  to  (he  point  -wb^ra 
'   bMvMa  the  liquid  kod  the  aut^L    Wh«l 
^  tbc  valM-.    beibre  qoie^  boiHi  itfi 
vith  ilnust  ezptosjvv  riolctKc,  mad  a  p^ 
'  all  dirMtioos,  ■>  shoirii  in  fig,  »«. 
M^  A  T*pnUTe  BcUon  [*  AkBTted  betmen  Ihei^uid 
htrtad  mface— This  propositioo    followu    indeed  u  (  < 
qntncs  af  Oie   last     Ik  has  already    beeft  deruonettat*!,  M 
liquid  doM  Dot  wet  a  surhce,  nhcn  the  cobesioci  whki  4 
bctwean  ita  ptrtidts  is  double  of  their  «dfa«sioB  fiv  At  J 
(289.)    This  adhesion  is  not  onlj  diminbhed  bj  beat,  ta^i 
polsire  action  is  exerted  between  the  hot    botlj  and  Ih*  fiJ 
which  become:,  more  iniense  as  the  tcmperaturv  is  hitjxt  6 
repulsire  actioa  is  Btrikii^j  demwitrMed  t>;f  the  UMifl 
periment  of  Boutigny. 

A  few  drop*  of  water  ware  let  bU  intok  biMkst,  fiiiiarfrfri 
work  of  platioum  wins,  heated  red  bot  Hia  waUrdii  Mil 
tbraogh  tbemeahee,eTea  wheDthebaaket  vaa  rM»idljntalil  1 
wheD  the  metal  was  aiiiffieieBlIf  cooled,  th«  vat^  i^MrfM# 
thruagb  in  ■  ihover  of  nnall  dropa,  or  -wmt  o'aUklj  da^^A 
Tapor.  It  would  alio  wein,  that  rapon,  lika  KtyttAm  ^  j^ 
from  the  hmted  lurfaea,  for  Bontignj  found,  that  a  bat  Aw' 
was  Dot  attacked  bj  nitric  acid,  or  one  of  iiopper  br 

or  ammonia    Hie  latl«r«nbMaDcebad  no  actton  npon 

IJDC  at  a  high  temperature.  Tha  lUspeDdoa  of  rhaiiilMl  ^^— 
der  certain  eon^tiona  of  high  tcmperatore,  ia  a  fltetaf  jnartMl 
In  the  phydet  of  the  globe. 

667.  niaoM 
are  at  least  four. 

IgL — Th*  r^mltite  /oru  of  htat  exerted  1 

Borftce  and  the  liquid,  and  which  ia  more  latense  m  tb»^B 
toNrinfl.  -m 


it  with  TuwnT    t> 
Uiiaalatel 
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hi  2d. — The  temperature  of  the  plate  is  so  high,  that  the  water 
^  momentary  contact  with  it,  is  converted  into  vapor,  upon 
iibich  the  spheroid  rests  as  upon  an  elastic  cushion. 
ik  Sd. — 7%tf  vapor  is  a  poor  conductor  of  heat^  and  thus  prevents 
■CM  conduction  of  heat  firom  the  metal  to  the  glohule.  Another 
lifemse  which  prevents  the  liquid  firom  becoming  highly  heated  is, 
knit  the  rays  of  heat  from  the  metal  are  completely  reflected 
(inoim  the  surface  of  the  liquid.  This  is  shown  by  the  fitct^  that 
if  the  water  be  colored  by  lampblack,  heat  is  absorbed,  and  the 
Uraporation  is  much  more  rapid. 

!•  4th. — Evaporation  from  the  surface  of  the  metal  carries  off 
(he  heat  as  it  is  absorbed,  and  thus  prevents  the  liquid  from  en- 
tering into  ebullition.    The  form  of  the  oblate  spheroid,  which 
Ji6  liquid  assumes,  is  the  combined  result  of  the  cohesion  of  the 
articles  to  each  other  and  the  action  of  gravity  upon  the  mass. 

^68.  Freezing  water  and  meronry  in  red  hot  ornoiUes. — ^The 
•onarkable  phenomena  of  freezing  water  and  even  mercury  in 
!«d  hot  crucibles,  are  striking  examples  of  the  production  of  the 
rpheroidal  state  of  liquids. 

Boutig^y  placed  a  portion  of  liquid  Btilpharoas  acid  in  a  red 
lot  v6«eL  It  assumed  the  spheroidal  state  immediately,  at  a  tern- 
lerature  below  that  of  its  eballition,  that  Is,  below  14**  F.  A  little 
r»ter  placed  in  the  spheroid  becomes  therefore  cooled  below  (82°)  its 
peeling  point,  and  is  converted  into  ice. 

Flaraday  placed  in  a  heated  omcible  a  mixture  of  solid  carbonic 
lAA  and  ether,  which  immediately  assumed  the  spheroidal  state. 
Bto  It  was  plunged  a  metal  spoon  containing  mercury ;  almost  im- 
sedlately  the  mercury  was  froxen  into  a  solid  mosa  The  tempera- 
ire  in  this  case  was  probably  as  low  as  — liS^'F. 

669.  Oonnection  of  oertain  phenomena  with  the  spheroidal  state, 
hi  the  principle  explained,  the  hand  may  be  bathed  in  a  vase  of 
aolten  iron,  or  passed  through  a  stream  of  melted  copper  unharm- 
d,  or  one  may  stir  fused  glass  under  water  without  danger.  In  all 
imilar  cases,  if  the  temperature  be  sufficiently  high,  the  moisture 
f  the  hand  assumes  the  spheroidal  state,  and  does  not  allow  of 
ontact  with  the  heated  mass.  If  however  the  hand  is  drawn  ra- 
idly  through  the  melted  metal,  contact  is  mechanically  pro- 

What  the  2d  f  What  is  the  8^  T  What  is  the  4th  7  What  deter- 
lines  the  form  of  the  spheroid  f  668.  How  are  water  and  mercury 
ozen  in  a  red  hot  crucible  f  Explain  the  cause.  669.  What  sin- 
alar  facts  are  explained  by  the  spheroidal  state  f  Why  is  injury 
t>t  suffered  in  these  expoeores  t 

18 
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duoed,  ftod  uagury  follows  this  n8hiiefi&  The  flngv,  moisteoed 
with  ether,  may  be,  for  the  same  r^uson,  plunged  into  boOing 
water  without  injury. 

670.  Zlzidoaioiia  prodnoed  by  the  qihAroldAl  staJUy — The  ex- 
periment illustrated  by  fig.  864,  may  be  modified  to  iUmtnfee  ex- 
plosions, and  some  other  interesting  &cts  ooDaequenA  on  tlie 
spheroidal  state. 

A  eopper  bottle,  fig.  866,18  heated  as  hot  as  poesibleoTer  adcnble 
866  onrrent  lamp,  and  in  thia  state  a  lew  gnoi* 

mes  of  pare  water  are  introdaeed  by  a  pipette. 
The  water  at  once  anumee  the  tphcroidal  eoe- 
ditioD,  and  has  a  temperatnre  (as  may  be  a*' 
oertained  by  a  thermometer)  below  that  of 
ita  ebullition.  If  the  neek  of  the  boCUe  ii 
now  tightly  eloBed  by  a  good  eork»  the  erap* 
oration  la  so  dight,  that  the  preerare  of  the 
Tapor  within  if  not  immediately  eullleieDt  te 
driTe  out  the  eork.  If  howerer  the  lan^  ii 
withdrawn,  the  metal  will  soon  eool  Nfr 
ciently  to  allow  contact  of  the  water  with  it 
There  will  then  be  bo  sudden  an  evolution  of 
a  large  volume  of  vapor  as  to  drive  the  eork 
from  the  bottle  with  a  loud  explosion. 

671.  Steam  boiler  ezploaiona  may  sometimes  be  explained  by 
a  knowledge  of  the  principles  here  elucidated.  Thus,  whenever 
firom  any  cause  a  deficiency  of  water  occurs  in  a  boiler,  as  when 
the  pumps  fail  of  a  supply,  or  when  by  careening  a  part  <^  the 
flues  are  laid  bare  while  the  fire  is  undiminished,  a  part  of  the 
boiler  may  become  heated  even  to  redness.  Water  coming  in 
contact  with  such  over-heated  surfaces,  would  first  assume  the 
spheroidal  state,  and  almost  at  the  next  instant  burst  into  a  vol- 
ume of  vapor  so  suddenly  as  to  rend  the  boiler  with  frightful 
violence.  Numerous  accidents  are  on  record  where  the  exjAo- 
sion  has  been  so  sudden  as  not  to  expel  the  mercury  firom  the 
open  gauges. — The  fact  that  explosions  on  our  American  riven 
have  occurred  most  fi'equently  just  at  or  after  starting  firom  a 
landing,  is  explicable  on  the  view  here  presented ;  the  v 
while  landing  and  receiving  freight,  being  careened  so  as  to 
der  the  exposure  of  some  part  of  the  flues  possible. 


670.  How  may  this  condition  explain  certain  explosions  7  HIq^ 
irate  it  from  fig.  866.  671.  What  may  be  said  of  steam-boiler  «x- 
plotions  T 
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672.  ApplioMoDB  and  effects  of  the  spheroidal  state  of  liquids, 
are  not  unfrequont  in  common  life  and  in  manu&ctores. 

The  most  common  example  of  the  spheroidal  state  is  that  of  a  drop 
of  water  on  a  heated  stove,  which  moyes  around  in  a  spheroidal  mass, 
slowly  evaporating.  The  laundress  determines  whether  her  flat- 
irons  are  heated  sufficiently  for  her  purpose  by  touching  the  surfiioe 
with  a  drop  of  saliva  on  the  finger.  If  it  bounds  off,  the  iron  is  judged 
to  be  heated  to  a  proper  temperature.  In  the  manufacture  of  win* 
dow-glass,  constant  application  is  made  of  the  principles  here  ex- 
plained. The  masses  of  glass  are  first  formed  into  a  rude  hollow  cyl- 
inder by  blowing  them  in  wooden  moulds.  In  order  to  prevent  the 
cliarring  of  mould,  its  interior  is  moistened  with  water,  which,  as* 
Burning  the  spheroidal  state,  protects  the  wood  while  it  does  not  in- 
juriously cool  the  glass. 

Saline  solutions  are  more  efficacious  for  tempering  steel  than  pure 
water.  Now  as  the  point  of  ebullition  of  saline  solutions  is  higher 
than  that  of  pure  water,  contact  between  the  liquid  and  the  metal  is 
produced  sooner,  and  thus  the  steel  is  cooled  more  quickly,  and  the 
temper  is  better. 

Melted  metals,  like  iron  or  copper,  allowed  to  fall  into  water,  do 
not  throw  the  water  into  violent  ebullition,  as  might  |be  supposed, 
but  pass  in  a  brilliant  stream  to  the  bottom  of  the  vessel,  the  water 
in  contact  with  the  metal  assuming  the  spheroidal  state. 

• 

TH8  STEAM  ENGINB. 

673.  Historloal. — ^The  principles  involved  in  the  construction 
and  theory  of  the  steam  engine,  have  already  been  sufficiently 
discussed.  A  few  words  must  suffice  respecting  their  practical 
applications  in  the  discovery  and  perfecting  of  this  remarkable 
machine. 

^  For  the  first  rudiments  of  our  knowledge  of  steam  as  a  motor,  we 
must  go  back,  as  upon  many  other  so-called  modem  inventions,  to 
Egypt,  where,  180  years  B.  C,  Hero,  or  Heiro,  describes  in  his 
*  Spiritalia  Seu  PneumaticOy^  among  many  other  curious  con- 
trivances, (877,)  what  he  calls  the  eolopile, 

674.  The  eolopile  is  a  metallic  vessel,  globular,  or  boiler- 
shaped,  containing  water,  and  provided  at  top  with  two  horizontal 
jet  pipes,  bent  into  the  form  of  an  8, 

672.  Give  a  familiar  example  of  the  spheroidal  state.  In  what 
processes  of  the  arts  is  it  seenf  678.  Where  do  we  find  the  earliest 
knowledge  of  steam  as  a  motor!  674.  Describe  Hero's  eolopile. 
What  is  this  in  fiust  f    What  other  form  has  it  f 


41ft  HBAT. 

This  appantas,  fig.  866,  it  stifpended  orar  a  fiaoM^  uid  bung  fraa 
866  to  moY«,  when  the  vater  boUa,  the  ttwm  mdiiag 

oat,  strikea  against  the  atmosphere,  and  the  recoil 
driyes  the  apparatus  ah»and  with  great  impiditj. 
This  is  in  fact  a  direct  action  rotary  at  nam  engiBi^ 
and  undoubtedly  the  earliest  meehaiiiaal  retalt 
achieved  by  steam  power.  It  has  often  been  re4a- 
vented,  in  numberless  forms,  in  modem  timea    la 
another  form  the  eolopile  is  made  to  blow  by  its 
jet  the  flame  of  a  lamp,  and  in  thia  caao  tha  boiitf 
is  fixed  and  filled  with  alcohol  in  plaoa  of  water, 
the  jet  descending  through  the  flame  ctf  tha  buap 
as  in  the  apparatus  seen  in  fig.  S6S.    Hara  de- 
scribes also  other  devices  where  steam  was  te 
moving  power. 

676.  Tint  ■teamboat^-Bhuoo  da  Garay,  a 
wapcaptain  of  Barcelona,  in  Spain,  in  1648,  moTed  a  TiMni  of  aoo 
tons  burthen  three  miles  an  hour  by  paddles  propaUod  iMrobab^ 
by  steam,  as  the  moving  force  came,  it  was  said,  from  a  boikr 
containing  water,  and  liable  to  burst 

This  experiment  was  made  on  the  17  th  day  of  June,  1548,  in  prss- 
ence  of  Commissioners  appointed  by  the  King,  Chas.  V.,  whose  re- 
port secured  the  favor  of  the  crown  to  the  projector.  But  what  is 
unaccountable,  nothing  more  ever  came  from  this  sing^ular  sneeeaa 
De  Garay  probably  employed  Hero'B  eolopile  on  a  large  scale,  as 
Hero's  work  above  named  was  about  that  time  translated  into  eeveral 
languages  and  generally  diffused. 

676.  Baptista  Porta,  and  Solomon  De  Oana,  the  first  at  Naples 
in  ICOl,  and  the  second  a  Frenchman  in  1615,  both  re-doscribe 
the  eolopile  of  Hero,  but  in  a  very  inferior  form  to  the  original, 
and  without  adding  anything  to  what  was  before  known. 

Giovanni  Branca  of  Rome,  in  1629,  also  describes  a  contrivance 
for  obtaining  a  rotary  motion  from  steam  blowing  against  the  pad- 
dles of  a  wheel,  shaped  like  an  ordinary  water  wheeL  This  impo- 
tent form  of  steam  apparatus  has  been  again  re-described  in  much 
more  modern  times. 

677.  Otto  V.  Qnetick,  the  inventor  of  the  air-pump,  about 
1650,  first  conceired  and  executed  the  idea  of  using  the  pressure 
of  the  atmosphere  as  a  moving  force,  for  raising  water  or  lifting 
weights.     His  rude  apparatus  did  not  involve  the  use  of  steam, 

676.  What  did  Blasco  de  Gsray  accomplish  f  When  and  how  was 
thisf  676.  What  is  said  of  R  PorU  and  a  de  Caust  677.  What  did 
Y.  Querick  aeoomplish  and  when  f 
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but  he  produced  a  T«cuum  by  the  lir-punip,  which  then  drew  up 
bf  a  rope  and  pulley  a  ^Utrorm  with  weights.  The  production 
of  a  vacuum  by  the  condoosatioD  of  ateam  remained  still  to  be 
discovered. 

6T8.  TlM  UarqnlB  of  Worceater,  in  1668,  in  his  '  Century  of 
inventions,'  describes  what  he  calls  'a  water  commanding  engine, 
an  admirable  and  moat  forcible  way  to  drive  up  water  by  fire.' 

nnfortDnatvlj  no  figure  of  Worceiter'i  eagioe  exiiLa,  bat  his  de- 
Bf  ripUon  of  it  leaves  no  doubt  that  he  lued  sUam  to  create  a  vacuam 
into  which  water  afterwardiroM  to  be  again  expelled  by  fresh  steam, 
ai  was  accompUshed  later  with  more  succmi  in  Savary'i  engioA 

679.  Baraiy^  miglna. — In  1698,  Capt  Thos.  Savary  obtained 
a  patent  '  fbr  raising  water  and  occasioning  motions  to  all  kinds 
of  mill  work  by  the  impellent  force  of  fire.'  His  apparatus  can 
hardly  be  called  an  engine,  or  machine,  since  it  has  no  moving 
parts  except  the  valves  turned  by  hand. 

Fig.  S87  b  Savary**  engioe.   Two  boil-  307 

era,  L  and  O,  are  conaectcd  together  by 
the  pipe,  H.  Two  '  cODdeDiers,'  i*  and 
P',  are  eonnected  with  the  larger  boiler, 
L,  by  pipe*  entering  at  top  of  both,  aad 
capable  of  bring  alternately  shut  off 
froci  the  boiler  by  a  valve,  moved  by  the 
lever  Z.  By  two  branch  pipes  beneath 
the  conJensers,  communieatioa  is  estab- 
lished at  pleasore,  by  the  aid  of  the 
cocks  1,  2,  S,  4,  alternately  with  the  well 
by  T,  and  the  open  dr  by  the  outlet  pipe  I 
&  The  boiler,  L,  being  Id  actioD,  Uia 
aondenser,  P,  far  example,  wai  filled 
with  >t«am,  the  cocks  1  and  3  being  .- 
doMil.  BymoringZ,  tbeeoudeDter,  P*,  ^9 
wu  next  filled  with  (team  alao.  eocka  2 
and  4  being  closed,  and  at  the  tame  in- 
•taut  cock  S  being  opened,  the  water  rnehed  up  through  T,  to  fill  tba 
vacuum  oeeanionsd  by  thecondensatioD  of  the  steam  in  P.  The  lever, 
Z,  wu  then  moved  to  close  P*  and  open  7*  again  to  the  boiler.  Cock 
4  DOW  admitted  cold  water  to  P  and  cock  1  being  opened,  the  di- 
rect preuure  of  the  steam  from  the  boiler  forced^the  water  out  of  P, 


6TS.  What  wu  the  Marquis  of  Worceslet's  invention  I  670.  ^Vhat 
vaa  Savary'a  patent  for,  end  when  t  Describe  hii  apparatus,  Eg. 
ia7,  and  how  tbe  discharge  waa  made  oootiuuoua. 


%I4  wmMx. 

Ml  Ml  own  rtirmnrTi  tTin  jBT^Tiirp  riyiit  ff  n«  iriiar  !■  P*  «h 
■flk  ahu  fflwliim,'"^  inthn  Bimn  minnnr  tmd  m  on,  tttw  iwUj,  wmfc  um 
^  denMrwatfiUediHtheold  water,  and  mgiuiidteeliaigedyBalBlriii^f 
a  ooBtiDaoiis  rtreun  of  water  from  &  To  aapply  tiia  waate  of  vite 
ia  the  bdler,  L,  the  contents  of  the  mftUttboUar,  J},  waf  ftcattit 
to  time  Ibreed  by  ■operior  steam  piuwrna  into L,  Hhmnfflk  tfca p^ 
H,  (provided  with  a  valTe  for  that  pnrpoee,)  rnorhnu  soar  tfca  W^ 
torn  of  D,  whose  capMity  was  sndi  m  to  fill  X  to  a  "HaWft  Im^^ 
Thb  hoSUr,  D,  was  then  re-filled  throng  the  pipe^  B^  tnm  tba 
ply  box,  X^  attnehed  to  the  diaduurge  ^pa. 

AU  the  details  of  Sftvary's  oontrifanoeriiafr  m  nice 
of  means  to  the  end  to  be  aooomplishedi  and  efinoft  mnch  ii^ 
tsaitf  and  sound  judgment 

68a  FqpMi  steam  oyliDdei^  VtmmoommH  «iglMw— Do^ 
F^nn,  (Prat  <tf  Mathematies  at  Marbiirg,)  wliose  naow  fa  €» 
Bected  with  the  high-steam  digestor,  fig.  M4^  BoggeBted  in  IMOthi 
uaeof  steam  to  prodnoe  a  Tacaum  in  (Hto  a&dGkwricl^s  ^yUniv 
(677)  in  lien  of  the  air-pump  before  used. 

For  this  purpose  he  constmcted  the  cylinder  of  sheet  iron,  sad 
built  a  fire  beneath  its  bottom,  to  boil  a  portion  of  water  there  pUesd. 
When  the  cylinder  was  filled  with  steam,  the  piston  before  hdd  up 
by  a  latch,  descended  as  the  steam  was  condensed.  No  practiesl  re- 
suit  followed  this  elnmsy  contrivance,  on  which  Papin's  eonntiynMn 
rest  his  claims  to  be  considered  as  the  inventor  of  the  steam  eogiDa 

Thos.  Newcomen,  in  1710,  first  put  in  practice  the  use  of  a  CJ^ 
inder  and  piston  in  the  steam  engine,  in  which  the  steam  was  il- 
temately  admitted  and  again  condensed  by  a  stream  of  cold 
This  engine,  like  all  following  it,  up  to  Watts^  remarknUe 
provemcnts,  operated  against  the  pressure  of  the  atniQsphere^ 
and  was  effectual  in  only  one  direction,  i.  «.,  was  a  single  actii^ 
engine. 

681.  The  atmospheric  engine  is  well  illustrated  by  the  i^ipa- 
ratus  shown  in  fig.  368,  which  was  contrived  by  Dr.  WoUa^oo, 
to  show  the  nature  of  Papin*s  cylinder. 

A  glass,  or  metallic  tube,  with  a  bnlb  to  hold  water,  is  fitted  with 
a  piston.    This  pirton-rod  is  hollow,  and  closed  by  a  serew  at  si 

What  is  said  of  this  invention  f  680.  Who  sag^ireAted  theoseof 
steam  to  form  a  vaenam,  and  when  f  What  followed  this  suggestioo  I 
Who  first  employed  a  cylinder  and  piston  with  success!  681.  How 
is  the  atmo^ene  engine  illustrated  by  fig.  868 1  What  great  sonres 
of  loss  emted  in  all  atmospheric  engines! 


WATTES  DtPROySMSNTB  IM  THB  STEAM  EMOINE.  4ll 

This  screw  is  loosened  to  admit  the  escape  of  the  air,  andtlie  watefls 
boiled  over  a  lamp :  as  soon  as  the  steam  issnes  freely  868 

from  the  open  end  of  the  rod,  the  screw  is  tightened, 
and  tho  pressure  of  the  steam  then  raises  the  piston  to 
the  top  of  the  tube,  the  experimenter  withdraws  it  from 
tho  lamp,  the  steam  is  condensed,  and  the  air  press- 
ing on  the  top  of  the  piston  forces  it  down  again; 
when  the  operation  may  be  repeated  by  again  bring- 
ing it  over  the  lamp. 

In  all  the  early  steam  engines,  the  steam  was  con- 
densed within  the  cylinder,  either  by  water  applied 
externally,  or  by  a  jet  of  water  thrown  directly 
into  the  cylinder.  It  is  Tery  obvious,  that  a  great 
loss  of  fuel  and  time  was  thus  involved  in  bringing 
up  the  cylinder  again  to  212^,  before  a  second  stroke 
could  be  made 

Newoomkn  and  Smbaton  constructed  very  large  engines,  however, 
on  this  principle,  and  applied  their  power  directly  to  the  pumping 
of  mines.  Although  Smeaton  introduced  an  improved  class  of  me* 
chanicul  work  and  many  improvements  in  minor  details,  and  better 
boilers,  he  succeeded  only  in  raising  the  average  duty  of  steam  engines 
from  about  five  and  a  half  millions  of  pounds,  raised  one  foot  by  a 
bushel  of  coals  (80  lbs.)  burned,  to  about  nine  and  a  half  millions,  in 
his  best  engines.  A  good  pumping  engine  now  raises  from  ninety 
to  one  hundred  and  thirty  millions  of  pounds  for  every  bushel  of 
coals  burned ! 

682.  Watt's  improvements  in  the  steam  engine. — The  steam 
engine  as  it  was  left  by  Smeaton  was,  as  we  have  seen,  only  a 
steam  pump,  confined  to  the  single  function  of  raising  water,  and 
incapable  of  general  use,  as  well  from  its  imperfections  as  firom 
the  enormous  cost  of  fuel  it  required. — Watt,  in  1768,  was  * 
maker  of  philosophical  instruments  at  Glasgow,  and  had  occasion 
to  repair  a  model  of  tho  Newcomen  engine.  The  study  of  this 
machine  and  its  defects,  led  Watt  to  construct  a  new  model,  in 
which  the  steam  was  condensed  in  a  separate  vessel,  in  connec- 
tion with  which  he  subsequently  found  it  advantageous  to  use  an 
air-pump — to  aid  in  keeping  the  vacuum  good,  as  it  was  other- 
wise vitiated  by  atmospheric  air  leaking  in,  and  coming  from  the 
water  of  tho  boiler.     These  ideas  were  matured  and  realized  by 


ii 


What  is  farther  said  Newcomon  and  Smeaton  ?  What  was  the 
duty  or  poworof  their  best  imichinesf  682.  Uow  did  Watt  find  the 
steam  engine  ?  What  led  him  to  improve  it  f  In  what  did  his  im- 
provements chiefly  consist'f 


1M6,  ud  In  ires  he  tot*  out  his  paJmi,  In  wfakh  all  flw  mm- 
"  '  tetorcflof  onrmodcnKtMoiaicinciinindiidad.    Ibom- 

, ion  flMt  with  Ht.  Roebndt,  rf  Onzoa  fina-^mita^  ud  nb- 

Mmttprtj  with  Mr.  Boulton,  of  8oho,he|rat  hit  idMS  in  pnetki^ 
BodbfrMarriagto  the  p4tenlMa  oo» ttiird  part  ol*  tbo  Miinn; 
of  flnl  eflMed  I7  hia  imprommti,  htii  genius  was  rcmnlRl 
I1J  flw  Moanmtatioii  of  «  prinoatr  fbctnne. 

T>miaTHittoii  of  low-pMMor*  eondoid  ng  engines  atanJa  vitliool 
%  pvaUtl  l»  the  Uitory  of  toiaiM  for  th*  perfect  realtuUnD  uf  all 
tiwea»dllIaMafth«p(oUaBMtob«  MlTed — (he  pcricot  maatoj  of 
th*  Uwa  of  iwtnr*  and  tha  nw  of  mattor,  b;  v hluh  they  wrrc  ac- 
"or  UiB  BUbJMt  evm  in  if* 
that  to  tU«  day  va  have  uo  improvemaiiU  in 

Wiknown  to  Watt    In  U.c 

^.  in  eiz«  of  parts,  and  tht 
atraag&of  boIlM^  vv.haTamaehiiMfraatlj'  saperior  to^anj  Waci 
arv  MV,  hvl  It  waa  hb  inlaa  tliat  Msdcred  Ihoae  perfeolioii*  pot- 
llUB.aBdBqn'l'*^*'^**^?****'^^'''''''''^]''"*"^'***'"  wurtn! 

QS8.  Tha  low  praaanra  oa  oondandng  anglBO. — The  low  prm' 
Bure  engiD«  is  emplojed  in  all  situations  where  ectmomy  of  flid  and 
the  beet  mechanica]  effect  frcaa  it  are  the  ruling  c(»iBideintioiia,  md 
where  lightnesB  and  simplicity  of  construction  is  iroimportanL 
This  machine  now  remains  almost  exactly  as  Wattleft  it  Owing 
to  the  nearly  perfect  vacuum  obtained  in  it  by  the  oondaneer  and 
air-pump,  a  much  les«  boiler  pressore  of  steam  is  requirad  (a 
produce  a  given  mechanical  reeult,  e.  g.;  it  (he  vacuum  is  eqoal 
to  fourteen  lbs.  atmospheric  pressure,  then  a  steam  presmmofdx 
Iba.  would  give  an  efficient  moving  force  of  twenty  Ifaa.  to  Om 
machine.  Hence  the  propriety  of  the  term  'low  preoamt^  «>• 
^ne ;  but  in  practice  it  is  found  advantageous  to  use  higfaa  pna- 
Bures  in  the  condensmg  engines  than  Watt  ever  contemplated. 

Fig.  369  i>  a  wction  of  tha  cj'liiider,  A,  condinuer,  c,  air-pnmp^ 
hot  and  cold  well,  and  a  view  of  the  meat  important  attachad  paife 
of  amodem  coDdenaing  engins;  The  cylinder,  A,  la  acea  reedving 
iteam  at  top  through  the  throttle- valre,  ■,  driving  down  Uie  p^oa, 
S,  with  ita  rod,  C.  A  atmam  of  cold  water  injected  into  the  eoB- 
deiM*r,  a,  ha«  eomfUlaly  oondaiiKd  all  the  residual  atcaiu  of  the  tof 

Give  the  date  of  hla  diaooveriea  and  patent.  VThat  ia  further  mli 
of  biainveationl  BBS.  Why  in  thin  (■■lleil  a  (oic  pretHre  engine! 
Why  a  tmtimung  engine  I  When  It  it  i^lii.'fly  employeJ  I  Deacribe 
fig.  869,  and  til*  Ibnctioni  of  the  Bcveral  paru^ 
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mer  Btroke  vhicb  hM  taaai  iU  way  from  A  by  tha  edacUon  pipe,  d, 
so  that  the  piston,  B,  is  desceoding  into  a  DMrly  perfect  vacuam, .. 
(623.]     The  hot  irat^r  ot  thU  candenBitioa  \»  ooDstantly  draira  <i4j| 


through  the  valve,  I,  by  the  air-pcmp  whoae  valm,  it,  tIm  to  allov 
its  flow  iiit«  the  hot  woU,  /,  whance  it  finds  Its  way,  loUcited  by  the 
plunger  pump,  S,  to  the  boilers  by  the  pipe,  J",  and  its  valves,  o  a. 
Tlid  culd  water  pDiup,  j,  supplies  a  steady  stream  of  cold  water 
by  the  Bpout,  r,  to  the  cold  veil.  By  the  time  the  piston,  B,  baa 
reached  its  lowest  point  of  descent,  the  valve  rod,  V,  and  eoaentrte 
bar,  S,  hnve  moved  so  as  to  open  the  lower  steam  poria  anil  reverse 
the  direction  of  the  piston,  when  the  eteam  above,  B,  a  in  its  turn 
taken  into  the  eondenser,  e,  by  the  appropriate  channels,  and  re- 
moved aa  already  explained  f>ir  the  dawnivard  stroke.  The  piston 
rod,  C,  and  valve  and  pnmp  rods,  are  eonaneeted  above  with  the 
great  worfcing-bcam,  whose  further  extremity  conveya  the  power 
i>f  the  engine  by  the  pitman,  G,  throngh  tha  cranb  pin,  H,  to  the 
main  shall,  K,  on  which  is  the  fly-wheel,  £.  to  give  ateadtaeM  of 
mution  to  the  whole  apparatus.  Tlia  arrows  show  the  motion  of 
these  parts  as  tlie  piston  deseends.  The  governor,  *,  controls  the 
tiirottlu  vnlve.  a,  by  euDnections  not  shown  in  this  drawing. 

084.  The  high  pTMaura  angiiia.— In  thil  machine,  tho  «scipe 
Btvam  is  driven  out  ftgainat  tho  pressure  of  the  tttmoepbere,  and 
no  attuinpt  is  mwle  to  utilize  its  opacity  to  brm  a  vacuum,  cod- 


^ 
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wqaenUy  this  fiinn  of  ^tparati  it  eoDld  bs  vaad  ■■  wdl  vitti  fli» 
dnMd  HT,  or  say  otiiw  dutic  fluid,  u  with  Btmn,  If  ttoK  «H  ngr 
other  that  could  compete  in  economy  with  it.  Th«  UgbtiMM,  ^m- 
plidtj,  and  low  ooat  of  the  high  preBgnre  en^no,  taakm  it  mil- 
aUobiBpiteof  iteuneconomiceloBeofetttUB,  In  manjMtbUtiuM 
where  a  coikdeoBing  engine  would  be  our^UUck  "^  . 

TheitaemMriTM  bjthe  pipc^  %  flg.  ni^  to  thartMBah«^X; 
and  b  edmittadaltMMMT  ^  Aepotto 
*  rf,tathetopand  bottmif  Ibeajl- 
lnder,^  J,  ■■  tlw  nlT«  rod,  £t  MiMtel 
b7aM«9eeiitiie,/,aa  Um  ^^^*, 
opeM  Bad  riinti  the  peata  by  Ik  Me 
T^Te  1b  £  ne  eee^a  Mmm  aalM 
H  thwi^  f,  to  a««l^ifim. 
Tha  pt^iii,  P,  eoaTcjm  Uw  «rf^tf 


whed,  *^  ta  e 


ThefloWof  ■teMnUregtdatol  kjtte 
governor,  F.  whose  balls  fif  oat  witk 
the  centnfagal  force  of  a  idot*  r^ii 
motion,  and  b;  the  roil,  M,  (,  does  mon 
or  l«ea  the  throttle  Talre,  aam  In  ate- 
Goo  in  Z;  the  pnmp,  ■  a,  rappliae  water 
to  the  boiler,  and  a  moved  by  the  rod 
the  main  ihaft. 


Out  off — Tha  supply  of  steam  both  to  the  high  and  low  prec- 
sure  engine  is  further  r^ulated  by  a  contrivance  called  the  'cat 
oS,'  which  may  be  set  to  cut  off  the  flow  of  steam  entirely,  or  it 
any  portion  of  the  stroke,  as  ono-haU|  or  one-third.  The  expan- 
non  of  the  steam  then  completes  the  work,  and  great  economj 
of  fuel  is  found  to  follow  its  use. 

686.  Btaam  boUen. — The  form  of  steam  boilers  varies  voy 
much  with  the  purpose  to  which  they  are  to  be  applied.  Ott 
land,  large  boilers  may  be  safely  used,  which  would  be  wholly 
valueless  at  sea,  or  on  a  locomotive  engine. 

Plate-Iron  itrongly  riveted  and  braced,  ii  thenuterial  comMnlnglh* 
gnatert  economy  and  itrength.  Copper  can  be  n»ed  only  when  the 
ftial  oontalu  no  inlphnr,  and  !■  the  best  material  to  rerist  eorcMJve 
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BganlA    Kinple  oylindricAl  boilen,  laid  hoiizADtally,  with  m  fire-floe 

undirtLevhole  lover  enrlace,  are  commonl;  aiedforbigb  prsHurn. 
When  tbtae  are  made  ]aigt  enough  to  receive  the  fnrnaces  within 
nnj  distribute  the  heat  in  interior  Aum,  they  are  called  Cornish  boil- 
ers. When  their  conBtruction  i«  still  further  modified,  with  reference 
to  the  greatest  pouible  incrtuse  of  fire  lur&ce,  they  are  called  loco- 
motive boilers,  as  in  the  annexed  figure,  811;  being  the  common  lo- 
boiler  seen   in  S71 


eecUon.  J),  is  the  feeil- 
door,  (or  fuel  to  the  fur- 
nace or  fire  boi.  A,  whiili 

oug  email  horiioDtal  tub<'s, 

entirely    enrronnded     liy    ' 

water,   with  the  base  ofo 

the     chimney,     B,    into   I 

which  the  blast  of  exbaa^l 

Bteam  from  the  engine  ia   j 

driven  at  £     E.  is  the 

Bteam  chamber,  where  a  trumpet  tnbe  in  the  dome  eonvey*  the  di; 

steam  on  its  way  to  the  cylinder  through  F.     Sienm   boilen  ore 

supplied  with  hot  water  by  a  foree  pump,  and  gange  cock*  indicate 

the  water  level 

686.  BSaohanloal  powar  of  ataain — Hone  powor. — As  Bteam 
engines  were  originally  employed  to  take  the  place  of  horBes  in 
raising  water  it  was  nktural  to  estinifttc  their  power  by  the  number 
of  animala  they  replaced.  The  value  of  any  force  is  coirecUj 
stated  aa  the  number  of  pounds  raised  one  foot  high  in  a  given 
time,  (foot-pound&)  As  the  use  of  steam  became  general,  the 
term  hone-poicer  was  retained,  but  its  use  was  restricted  by 
Watt  to  mean  88,000  lbs.  raised  one  foot  per  minute,  or  nearly 
2,000,000  lbs.  raised  one  foot  per  hour. 

As  one  cubic  Inch  of  wntcr  converted  into  steam  yields  in  round 
numhcra  1,700  cubic  inches  of  vapor,  its  mechanical  effect  at  atmoo- 
pherie  presanres,  Is  equivalent  to  raising  IS  lbs.  1,700  inehes,  (or  MS 
feet.)  in  a  tube  of  one  inch  area.  Bot  IB  Ibi.  railed  U2  feet,  is  the 
eame  thing  as  142  times  IB  Ib!^  raised  one  foot,  or  !, 1 30  Iba,,  or  nearly 
a  gross  tun.  The  total  meehanical  force  developed  by  changing  one 
cubic  inch  of  water  into  1,700  cubic  inches  of  stean  is  therefore  nearly 
one  ton.  OolyflO  or70partsofthl>  power  are  however  regarded  osao- 


Desfribefi^'ureSTl.  flSa.  Mliat  is  the  origin  and  meaning  of  the 
terra  horse  |>owerl  How  did  Watt  limit  it)  Uow  is  themecban- 
ieal  power  of  tienm  IJIuatrated  from  a  cubic  inch  of  water  I 


tiyJly  aTaflmbleia  vm,  dednettng  tAManuDA  kM» 
Therefore  the  eYApofrntkn  of  a  eabio  foot  of  wator  Im  am 
.       Jeet  to  this  dednetion,  will  give  the  ftill  foroo  of  aboak  IjOOaeibie 
"^       inches  of  water  conTerted  into  ■team,  at  the  enjieMiun  of  »■  *■— 


power,  (Ti&  88,000  x  60  m.  =  1,980,000  Ihn,)  or  nanly  SiOOQ^ 
Ibe.  raised  one  foot  lliisisaeooiewliBtioiii^appnxriDHtia^hatit 
glTee  eonstants  eadly  remen^bered  aod  anffleiiwitly  aaar  tha  tmlh. 

A  boiler  of  one-hnndred  hone  power  maana,  thon,  •  boilar  aafaUi 
of  evaporating  100  cable  feet  of  water  per  honr. 

la  practice  it  is  common  to  allow  in  largo  Uad  ooiguioa  for  ofwy 
horae  power,  one  square  foot  of  ire  bars  ia  the  boilor.  thrao  oiAfii  M 
of  fimace  room,  ten  cnUe  feet  of  water  in  tha  boilor,  aad  Urn  eaUa 
foot  of  ateam  ehamber.  In  loeenoll^oi  and  ftaamahipi  Jiaaa  pwpsr 
ttooi  Tary  very  mneh. 

66T>  BoepnriMnf  powr  and  waloofltf  faal— Jw  fctg^i^  fgw 
Mm  arthnata  ten  pounds  of  bitominoiis  ooal  for  orwj  eabie  foot 
of  water  (i.  e.  evsry  horse  powor)  to  be  ovaporalod.  hktanUf 
omietnictod  boilers,  however,  tfcJa  eflbct  is  ptoduood  by  00m  er 
ei^t  pounds  of  coaL — In  the  Cornish  boOers,  where  a  toij  laige 
evaporating  surfoce  is  allowed,  flye  pounds  of  coal  Milj,  and  sobm- 
times  less,  are  used  per  horse  power.  In  the  U.  S.,  anthndte 
coal  averages  ten  pounds  of  water  evaporated,  for  OTery  pound 
of  coal  burned.  This  would  give  6*25  lbs.  of  anthracite  fyr  eadi 
cubic  foot  of  water  evaporated.  A  well  regulated  current  of  va- 
por conducted  over  the  flame  of  bituminous  coal  by  Dr.  Fyfe, 
raised  the  evaporative  effect  produced  87  per  cent  above  whst 
was  obtained  from  the  unassisted  coaL  This  increase  is  doe  ts 
the  decomposition  of  the  steam  by  the  hot  fuel,  and  the 
quent  effect  of  the  pure  oxygen  on  the  carbon.  Well 
wood,  (beech  or  oak,)  still  containing  about  20  per  cent  of  water, 
and  well  dried  peat,  have  about  equal  evaporating  power,  and  are 
only  about  two-fiflhs  as  effective  as  an  equal  weight  of  ordinary  bi- 
tuminous coal. 

Welter  has  observed  that  those  quantities  of  a  combustible  body 
which  require  an  equal  amount  of  oxygen  for  combustion,  evolve 


What  proportion  of  the  whole  power  is  regarded  as  available f 
What  relation  lias  a  cubic  foot  of  water  to  a  horse  power  T  What  b 
meant  by  a  boiler  of  one  hundred  horse  power  ?  What  proportions 
of  fire  liars,  furnace  room,  and  water  and  steam  room  are  allowed  ia 
land  boilers]  687.  What  \b  naid  of  the  evaporating  power  of  coals ff 
What  is  the  case  with  American  anthracite  f  What  is  the  effect  of 
of  vapor  of  water  <m  a  coal  of  firef  What  is  the  compArative  vidoe 
of  wood,  peat  and  coal  ?    What  was  Welter's  observation  ? 
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also  eqnal  quantities  of  heat :  although  later  researches  show  this 
conclusion  not  to  be  strictly  true,  it  is  supported  by  many  facts.  In  all 
cases  of  combustion,  the  action  is  reciprocal,  the  oxygen  is  burned  in 
the  fuel  as  truly  as  the  fuel  by  the  ox^'gen,  and  therefore  the  same 
amoimt  of  heat  is  generated  by  a  given  amount  of  oxygen,  whether 
in  converting  carbon  into  carbonic  acid,  or  hydrogen  into  water.  To 
bum  one  part  of  carbon,  requires  2*66  parts  of  oxygen,  (C  O,  =  16 
-H  6  =  2*66,)  and  to  burn  one  part  of  hydrogen,  requires  8  parts  of 
oxygen.  It  has  been  proved  experimentally,  (by  Rumford,)  that  78 
parts  of  water  are  raised  from  82°  to  212**  by  burning  one  part  of 
carbon,  while  one  part  of  hydrogen  so  burned  will  raise  236*4  parts 
of  water  through  the  same  degrees.  It  therefore  follows  that  one 
part  of  oxygen,  burning  carbon,  will  heat  78  -i-  2*66  =  29*25  parts 
of  water  from  32"  to  212"  ;  and  also  that  the  same  quantity  of  oxy- 
gen, in  burning  hydrogen,  will  heat  286*4  -i-  8  =  29*56  parts  of 
water  through  the  same  degrees^  Tlie  heating  effect  of  oxygen  may 
therefore  be  assumed  to  be  80,  or  in  units  of  heating  power  8,000. 

If  the  heating  effect  of  pure  carbon  is  taken  at  unity,  the  relative 
heating  effects  of  the  other  combustibles  will  range  as  follows,  for 
equal  weights:  hydrogen,  8  ;  vegetable  oil,  1*15 — 1*22;  ether,  1*02; 
carbon,  1 ;  wood  charcoal,  0*96 ;  alcohol,  0*86 ;  good  coal,  0*77  ;  dry 
wood,  0*46 ;  wood,  (with  20  per  cent  water,)  0*85 ;  peat,  0*83 — 0*88. 
(Knapp.) 

Pkof.  W.  R.  Johnson  (*  experiments  on  coals')  and  others,  argue 
as  the  result  of  experiment,  that  the  total  amount  of  carbon  in  a 
fuel  is  the  measure  of  its  practical  evaporative  power.  His  re- 
sults very  nearly  sustain  this  view.  He  found  also  that  about  86 
per  cent  of  the  total  heating  power  were  expended  in  evaporating 
water,  and  about  14  per  cent  were  lost  in  the  products  of  com- 
bustion. Of  the  total  heating  power,  by  calculation,  about  26  per 
cent  were  lost  in  practice — as  deduced  from  the  experimental 
effects  stated  in  his  tables. 

VENTILATION  AND   WARMING. 

688.  Ourrenta  in  air  and  gases  depend  upon  principles  which 
have  already  been  fully  explained — but  the  subjects  of  ventila- 
tion and  artificial  heating  arc  of  such  great  importance  in  daily 
life,  that  they  demand  a  brief  space  for  separate  consideration. 


Illustrate  thiv.  What  is  the  heating  power  of  oxygen  ?  What  is 
the  relative  heating  ])owcr  of  hydrogen,  Ac,  carbon  being  unity? 
What  did  Johnson  assert  of  the  heating  power  of  a  fuel!  State  Lis 
results.     688.  How  do  currents  arise  in  gases  1 


4i3  HEAT. 

Currents  mx  in  mir  from  diflierenoes  of  tempamtara  and  t»- 
nUions  of  pressure.  Tbe  perfect  freedom  of  movement  in  air, 
renders  its  ductumtiocs  from  these  caiuses  incessant.  If  the  air  wis 
Tisible.  er«:iy  candle,  gas-light,  stOTe,  fumace-liue  and  homan 
body,  would  be  seen  to  be  the  centre  of  an  ascending  column  of 
heated  air,  whose  place  was  constantly  supplied  bj  other  and 
colder  particles. 

On  the  law  of  the  eqmlibrinm  of  fluids,  the  ascending  currents 
must  indace  others,  descending  andhorizontal,  and  thus  a  circnlatofj 
motion  15  imf«rted,  even  hj  a  angle  lighted  eandle,  to  the  whole  gas- 
eons  contents  of  a  quiet  apartment  These  currents  are  made  viable 
whenever  the  candle  tmokeaL  If  the  door  of  a  heated  apartment 
■lands  ajar,  and  a  candle  is  held  near  the  top  craek,  the  warm  air  of 
the  room  is  seen  to  suck  outwards,  carrying  the  flame  with  It,  and 
a  corresponding  cold  current  flows  in  at  the  bottom— while  a  point 
will  b«  found,  midway  its  height,  where  the  candle  flame  la  nndis^ 
turbed.  So  a  window  partly  open  will  occasion  a  draught  of  cool 
air,  blowing  in  at  the  bottom  of  the  opening,  and  a  ccmpenaating 
warm  current  will  escape  outwards,  aboT& 

This  constant  interchange  of  motion  in  unequally  heated  masses 
of  air,  while  it  soon  poisons  the  confined  atmosphere  of  a  close 
apartment  where  many  persons  with  or  without  lights  are  assem- 
bled, also  supplies  the  easy  means  of  curing  one  of  the  greatest 
evils  of  civilized  communities. 

♦)S'J.  Draught  in  chimne3rs. — Chimneys  draw  because  the 
products  of  combustion  discliiirgc-d  into  them  are  specifically 
lighter  than  the  outer  air.  The  column  of  heated  air  rises  with 
a  velocity  proportionate  to  the  excess  of  weight  in  a  colunm  of 
the  outer  air  of  the  same  area  and  height  The  laws  of  Culling 
bodies  (10«l;  «'*pply  to  this  case  in  every  particular. 

Su{»fK>^o,  for  example,  a  chimuey  is  IS  feet  liigb,  and  the  gashes  in 
it  are  h«ut»  d  to  hnt'  F.,  the outor  air  Wing Tn".  The  oontjiined  cidumn 
would  tlurefore  (547)  oxj»and  Jy>_  or  about  j*=th  of  it*  original  Lulk 
at  7o'.  A  Column  of  10  ftct  of  *uc!i  air  would  therefore  l»c  required  to 
counterbalance  one  of  18  feel  high  in  the  external  air  at  70",  and  of 
the  same  urea.  (252.)  The  heated  air  will  therefore  rise,  (for  the  Aunie 
reason  that  a  l>ulloon  ri*e>,)  witli  a  veli»city  e<^ual  to  that  acquired  bv 
a  body  falling  through  one  foot,  i.e.  a  ."{Ktee  equal  to  the  ditferenee  in 
height  of  the  two  eolumniw-of  ^^tia/  weight.     The  laws  of  gravity 


What  follows  the  ascending  current  ?     Illurtrate  tliis  by  the  o{H*n 
►or.     689,  Why  do  chimneys  drawl     Wh}- doe?  the  heated  column 


door, 
riset 
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therefore  supply  the  means  of  caloulatiDg  the  theoretical  velocity  of 
thc^asccnding  column,  and  of  course  that,  with  the  area  of  the  cross 
section  of  the  flue  will  determine  the  quantity  of  air  pasung  through 
the  cliimuoy  in  a  given  time.  But  the  friction  of  the  air  against  the 
sides  of  the  flue,  and  the  varying  density  of  the  products  of  com- 
bustion compared  to  air,  diminish  the  theoretical  velocity,  and  it  is 
usual  to  allow  a  deduction  of  one- fourth  for  these  causes^  The  fol- 
lowing rule  will  be  found  to  give  a  sufficiently  exact  expression  of  the 
velocity  of  air  in  chimney's  and  ventilating  fluea 

Multiply  the  square  root  of  the  difference  in  height  of  the 
two  columns  of  air  {deduced  as  above)  expressed  in  decimals  of  a 
foot^  hy  eight ;  deduct  one  fourth^  and  the  product  of  the  re- 
mainder^ multiplied  hy  sixty ,  will  give  the  velocity  of  efflux  per 
minute;  and  the  area  of  the  flue  infect^  or  decimals  ofafoot^ 
multiplied  hy  the  velocity^  will  give  the  number  of  cubic  feet 
discharged  per  minute. — (Hood.) 

This  rule,  in  the  case  supposed,  would  be  8*  yl  =  *l  —  J  = 
•6  X  00  =  360  cubic  feet  of  gases  discharged  p<5r  minute,  by  a  flue 
eighteen  feet  high  and  one  foot  area,  whose  temperature  is  80** 
above  the  outer  air. 

Chimneys,  in  the  sense  we  mean,  were  not  known  to  the  ancients. 
Holes  in  the  roof  and  windows  allowed  the  escape  of  smoke  from 
the  kitchens  of  the  luxurious  Romans^  But  the  mild  climate  of  the 
mediterranean  shores  did  not  require  much  attention  to  means  of  ar- 
tificial warmth.  In  the  houses  of  ancient  Herculaneum  and  Pompeii, 
exposed  in  modern  times,  there  are  no  chinmeys.  But  even  in  Eng- 
land and  France,  where  fires  in  winter  are  necessary,  chimneys  were 
first  introduced  only  in  the  middle  of  the  14th  century.  The  curfew 
bell  (eouvrefeUf  fire  cover,)  was  needed  as  a  precaution  against  the 
danger  of  fires,  without  chimneys. 

690.  ReTarsed  draughts  and  smoky  chimneyvi  occur,  Ist, 
when  the  flue  or  fire  place  is  badly  constructed ;  2d,  when  two 
flues  open  into  one  apartment,  or  two  connecting  apartments, 
and  there  is  a  fire  in  only  one  flue ;  8d,  when  a  powerful  fire  ex- 
ists in  one  part  of  the  house,  as  the  kitchen  for  instance,  without 
an  adequate  supply  of  air  firom  without,  it  will  draw  the  needed 
supply  through  the  smaller  flues  in  all  parts  of  the  house,  re- 
versing the  draught  in  them ;  4th,  when  (as  in  many  old  houses) 

By  what  law  7  Give  an  example.  What  is  the  rule  for  calculating 
the  drauglits  of  cliimneys  7  Apply  it  to  the  example.  What  is  said 
of  the  hiiitory  of  chimneys  1  690.  What  are  causes  of  a  reversed 
draught  and  smoky  cliimneys? 
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the  floe  la  so  Urge  that  odd  eumots-iiMj  Jtmrnoand  in  &•  aaifm 
while  a  heated  one  ascends  the  axis;  6th,  when  »  *»^li^^^*»g 
higher  hoose  or  eminence  directSi  in  certain  Btatos  of  &•  wiadt 
a  cold  current  down  the  fine. 

The  remedy  for  reyersed  dran^^  is  heat  Iband  in  om  mm- 
manding  central  stad^  into  which  all  tlia  ninor  flnoa  dfackq^ 
whQe  exhausting  cowls,  like  fig.  86C,  are  tlie  bert  oaroof  mmAf 
diimneys. 

691.  Pfodnota  of  reapiratton  wnA  oonliartioi^  aod  awaai^ 
far  Twitnatinn^—By  contact  with  the  Innga,  and  with  hm^aghd, 
thieair  is  contaminated  diiefly  with  carfaoBie  add.  water,  aftia  ah 
trogoi,  ozjd  of  carbon,  and  animal  odona.  MwmjUig^tmmm- 
dlridiial  consumes  in  erery  minute  of  qjoiet  reqpinlifia^  SfiO  toWl 
oobic  inches  of  air.  About  14  ouneea  of  cartak  an  bnoMd  hf 
tiie  air  out  of  the  body  of  a  man  in  tweB^-Aur  haui%  and  ■! 
this  is  returned  in  the  form  of  cariMDfc  acid  to  Hm  afar. 

Sneh  air  cumot  be  breathed  agda  witihMNit  danger.  Wnd  irifk 
the  surroim^^tfr,  it  eontaainatet  that  alio.  Headachy  larfgMr, 
uneasy  respiration,  naiuea,  fSdatneM  and  syncope,  are  rendti  irUek 
always  follow  from  breathing  sir  contaminated  with  these  poisooeos 
exhalations,  even  in  very  moderate  quantity.  ETen  two  per  eeai  of 
carbonic  acid  driven  from  re^iration  or  combnstion,  may  prodoeeall 
the  symptoms  above  named.  The  full  chemical  and  phyiiologlcBl 
evidence  upon  this  important  subject  cannot  be  here  giTen,  bat  Ihe 
evils  arising  from  the  slow  and  insidious  effects  of  the  poison  of  bad 
ventilation,  can  hardly  be  over-estimated. — ^In  ordinary 
especially  vkith  slow  fires  and  an  imperfeet  supply  of  air, 
ozyd  is  also  produced,  and  is  one  of  the  gases  most  likely  to  leak 
hot-air  furnaces  when  the  joints  are  not  tight*  It  is  abnndaBtly 
more  2>oisoDous  than  carbonic  acid,  or  those  gases  of  sulphur,  whots 
presence  is  at  once  declared  by  their  odor. 

692.  The  quantity  of  vapor  given  off  by  the  body  in  sensible 
and  insensible  perspiration  and  by  the  lungs,  is  yery  conaiderablai 
being  not  less  than  ten  or  twelve  grains  each  minute,  or  about 
three  pounds  per  day,  which,  with  the  quantity  of  carbonic  add 
expired,  makes  about  three  and  a  third  pounds,  beside  other  ex- 
crementitious  matter  given  off  in  twenty-four  hours. 


How  are  they  remedied?  691.  Wliat  quantity  of  air  does  a  man 
eonsooiel  What  does  he  throw  off  ?  What  effect  have  these  on  the 
system!    692.  What  amount  of  vapor  does  a  man  exhale  f 
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If  the  air  of  a  crowded  apartment  is  conducted  through  water,  so 
mnch  animal  matter  is  collected  in  the  water  as  to  occasion  a  speedy 
putrefactive  fermentation,  with  a  disgusting  odor,  and  the  blast  of  ur 
escaping  at  the  upper  Tcntilator  of  a  crowded  assembly  room,  is  so 
oppressive  as  to  produce  immediately  the  most  distressing  symptoms. 
While  we  instinctively  shun  all  contact  with  unclean  persons,  and 
what  we  call  ^rt,  even  refusing  a  cup  that  has  pressed  the  lips  of 
another,  and  esteem  all  water  not  transparent  as  fool,  it  is  marvellous 
with  what  thoughtlessness  we  resort  to  crowded  and  ill-ventilated 
public  places,  and  drink  in  the  subtle  poison  exhaled  from  the  lungs, 
skin  and  clothing  of  every  individual  in  the  assembly.  Especially 
when  we  remember  that  while  the  digestive  apparatus  can  select  and 
assimilate  nutriment  from  food  of  questionable  quality,  the  lunges  can 
discharge  their  duty  to  the  blood  only  by  a  full  supply  of  pure  air. 
If  the  transparency  of  air  was  troubled  by  the  exhalaUons  of  the 
lungs  as  water  is  by  the  washings  of  the  body,  no  argument  would 
be  needed  to  secure  attention  to  the  importance  of  ventilation  ;  and 
yet  it  is  quite  true  that  the  bodily  health  suffers  piore  from  inhaling 
effete  air  than  it  could  from  drinking  the  wash  alluded  to. 

698.  The  quantity  of  air  required  for  good  Tentilation  is  very 
variously  stated  by  different  authorities.  Enough  fresh  air  must 
be  supplied,  obviously,  to  replace  all  that  is  contaminated  by  the 
lungs,  the  body  and  sources  of  illumination.  But  to  determine 
exactly  how  much  these  several  sources  of  deterioration  demand, 
is  not  so  easy.  The  amount  of  air  needed  to  remove  the  pro- 
ducts of  respiration  is  very  much  less  than  is  required  to  absorb 
the  vapor  of  water  given  off  from  the  lungs  and  the  skin.  The 
quantity  of  vapor  the  air  can  take  up,  will  depend  on  its  dew 
point  and  temperature.  Hood  estimates  three  and  one-quarter 
cubic  feet  of  air  per  minute  for  each  individual  in  winter,  with 
an  external  temperature  of  20°  or  25°,  and  a  quarter  of  a  cubic 
foot  per  minute  to  supply  the  waste  from  the  lungs,  making 
three  and  a  half  cubic  feet  per  minute,  or  two  hundred  and  ten 
cubic  feet  per  hour  in  winter,  and  five  hundred  in  summer. 
Peclct  estimates  it  at  two  hundred  and  twelve  cubic  feet  per 
hour.  Dr.  Rcid  estimates  the  quantity  much  higher,  even  as 
high  as  thirty  cubic  feet  per  minute  per  individual.  Brenan  puts 
it  at  10*25  cubic  feet. 

094.  Products  of  gas  illumination. — Every  cubic  foot  of  gas, 
of  average  quality,  requires  the  oxygen  of  about  twenty  cubic 


What  is  inferrcHl  of  the  importance  of  ventilation  7  Wliat  roflee- 
tion  is  drawn  from'^  this  fact  f  698.  How  is  the  quantity  of  air  for 
ventilation  estimated  f    Name  the  different  opinions^ 
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feet  of  air  (viz.  4*25  cubic  feet  oxygen)  to  bum  it,  and  produces 
rather  over  a  cubic  foot  of  carbonic  acid,  still  more  wmter,  and  if 
the  gas  is  impure,  sulphurous  acid  and  compounds  of  ammonia 
will  be  added,  which,  dissolving  in  the  watery  yapor,  oondeose 
upon  and  corrode  furniture,  books,  metallic  artides,  J;a  Every 
pound  of  coal  gas  burned  produces  2*7  lbs.  of  water,  and  2^ 
lbs.  of  carbonic  acid,  and  as  a  cubic  foot  of  coal  gas  weighs  al- 
most 290  grains,  twenty  cubic  feet  will  weigh  a  pound,  a  quan- 
tity which  four  common  fish-tail  burners  consume  in  an  hour. 
The  capacity  of  air  for  moistiure  at  68**  is  7*81  grs.  It  would, 
therefore,  require  over  two  thousand  feet  of  air  at  zero,  to  retain 
the  water  firom  twenty  feet  of  gas,  and  over  double  that  quantity 
at  the  temperature  assumed,  not  to  name  the  amount  required  to 
dilute  the  carbonic  acid  and  firee  nitrogen  produced. 

It  is  needless  to  add,  that  the  ventilation  of  gas  bomer*  it  an  im- 
portant matter.  Fortunately,  a  gas  chandelier  affords  one  of  the  beii 
means  of  producing  an  upward  current  in  an  assembly  room.  Can- 
dles and  oil  consume  more  air,  and  of  course  produce   more  effete 

product*  for  an  equal  amount  of  light  than  gaa. 

G95.  The  actual  ventilation  of  buildings  is  a  practical  prob- 
lem, to  be  wrought  out  in  each  case,  with  careful  regard  to  the 
principles  and  facts  just  stated.  Tlie  supply  of  air  required  may 
be  obtained  in  two  ways.  1st,  by  the  ascending  column  of 
heated  air  in  a  shaft,  drawing  after  it  the  effete  air  to  be  removed, 
and  supplying  its  place  by  fresh  air,  warmed  in  its  progress  to 
the  apartments.  This  is  called  thermal  ventilation ;  or,  2d,  me- 
chanical force  may  be  employed,  by  means  of  revolving  fan- 
wheels  driven  by  a  steam-engine,  or  otherwise,  forcing  the  air 
through  the  apartments  to  be  warmed  and  ventilated-  Tliis  is 
called  mechanical  centilution. 

By  the  first  method,  Dr.  Ried  vonlilatcd  the  House  of  Commons  in 
Englun<L  By  the  jiecoud,  Mr.  Rico  ventilated  the  House  of  LorJi 
with  a  fun-wheel,  over  thirty  feet  in  diainetvr. 

Cy(5.  stone's  ventilating  shaft — An  excellent  combination  of 
the  thermal  ventilation,  with  tlie  plan  of  hot-air  furnaces,  .<o  gen- 
erally used  in  the  U.  S.,  lias  been  devised  by  S.  M.  Stone,  Ar- 
chitect, which  has  been  found  elBcient  in  the  New  Haven  City 

094.  What  are  the  produt-ts  of  gar*  illinninationf  What  quautity 
of  water  and  carbonic  uoid  form  a  pound  uf  ooal  ga^>  ?  IKiw  much 
air  is  required  to  remove  these  \  0\»5.  What  nitfiliods  of  ventilation 
are  named  f    696.  Describe  Stone's  ventilating  shaft  t 


COLD  CURBIHTB  PBODUCED  BT  ICB. 


427 


Prison,  the  State  Reform  School,  and  other  similar  buildings. 
Fig.  372  shows  a  plan  and  section  of  this  system* 

A  ventilating  shaft  of  brick,  C,  rises  in  the  centre  of  the  house, 
through  the  axis  of  which  passes  a  cast-iron  smoke  flue,  A,  carrying 
off  the  waste  prpduots  of  the  furnace.    The  ra«  872 

diant  heat  of  this  iron  flue  heats  the  air  in  the 
shaft,  B.  Openings,  D  and  Z>,  are  pierced  from 
the  various  apartments  into  this  shaft,  and  al- 
low the  air  of  the  rooms  free  opportunity  of 
escape;  solicited  by  the  powerful  ascending 
draught  of  the  vertical  shafL  Distant  apart- 
ments are  connected  with  the  shaft  by  horizon- 
tal pipes  of  wood  or  tin.  The  openings,  Dt 
should  be  covered  by  wire  gauze  and  fitted  with 
Dr.  Arnott's  self-acting  noiseless  valve,  which 
allows  the  passage  of  an  upward  current 
only.  Tlie  apartments  are  supposed  to  receive 
their  supply  of  fresh  and  warm  air  through  hot 
air  flues,  ascending  In  the  walls.  In  summer  it 
would  be  found  needful  to  establish  a  current 
in  the  shaft  by  an  occasional  fire  in  the  furnace, 
or  by  a  special  furnace  for  that  purpose  in  the 
top  of  tlie  house.  In  cities,  the  air  taken  into 
buildings  may  be  strained  through  fine  wire 
gauze  and  spray  of  water,  as  was  accomplished 
by  Dr.  Ried  in  the  House  of  Ck>mmons.  By 
the  rule,  (689,)  the  power  of  such  a  shaft  to  discharge  air  can  be  cal- 
culated. 

697.  Oold  currenta  prodnoed  by  ice. — ^Refiigeraton. — Air  in 
contact  with  ice  acquires,  of  course,  a  low  temperature,  and  parts 
with  a  large  part  of  its  moisture.  Thus  snow-clad  mountains 
and  glaciers  naturally  send  down  to  the  valleys  below  a  current 
of  cold  air,  flowing  like  water  over  the  surface,  especially  at 
night,  when  the  absence  of  the  sun  prevents  the  accumulation 
of  heat  on  the  earth's  surface. 

Adroit  use  has  been  made  of  this  cold  dry  current,  in  the  construc- 
tion of  refri^^orators  for  preserving  f(K>d  in  warm  weather ;  and  the 
same  principle  has  been  applied,  in  a  large  scale,  to  the  cooling  of 
large  apartments.  Figs.  878  and  874,  show  a  section  and  elevation 
of  WissHTp's  Refrigerator.    The  ice.  A,  fig.  874,  is  sustained  upon  a 


697.  How  \»  a  cold  current  produced  by  ice  7    How  is  this  availed 
of  in  the  refrigerator,  fig.  872  T 


shelf  in  the  iip[ier  part  of  the  box,  BOrroanded  with  donU*  «haraii] 
liniDgB.    Tlie  tiir  enten  by  the  register  openinga,  C,  and  cotnisg  n 


contact  with  the  ice,  i(  cooled,  and  falls  to  the  bottom,  aa  indiMttd 
br  the  Hrrova,  where  it  finds  Ita  egreie  at  £,  between  bollow  walli, 
and  finally  escapes  at  F,  as  in  an  inverted  sjpbon.  Id  thia  way  agenda 
current  of  alwut  45'  F.  is  st^aJilj  mnintaiced  aaloogaf  the  IceUsli. 
and  being  dry,  articles  of  food  are  preaerrcd  eweet  and  free  from 
mould  fiir  n  long  time.  A  Hmilnr  device  _ha9  been  used  for  lai^e 
apartment.*. 
698,  Cowla. — EmAraon's  ventilaton. — Advantjige  is  taken  of 
373  tliit  currents   in  the  external  sir,  to  aid  in  cb- 

tablisbing  ventilation  in  hau(:eK,  and  draught  in 
chimneys,  by  the  UEe  of  ventilating  cowls. 

Tiicse  contrivances  are  often  conical,  and  bong 

with  a  vBue.  to  turn  apniiiBt  the  wind.     One  of  the 

most  generally  approved,  however,  in  common  om, 

appears  to  \>e  the  vcnliiator  of  Emerson,  fig  37s, 

mhicli  is  simply  a  cone  of  metal,  surrounding  the 

flue,  over  whoacveni,  and  a  short  distance  above  it, 

ia  aufluined  a  disc  of  metal     If  the  wind  blows 

from  any  point,  its  effect,  on  striking  this  conical 

aiii-faoe,  18  to  pass  upwards  and  aeroi*  the  open  flue. 

with  an  increased  velocity.     Tlie  result  is  to  wlirit 

an  upward  current  in  tlio  shaft,  us  ^hown  bv  tb* 

arrow,  in  the  figure. 

If  it  is  desired   to  direot  a  current  of  fresh  air 

the  shaft,  an  injtcling  tentilalor  is  usi^d,  which 

mply  the  above  I'oiie  invrrtril,  or  Iwo  or  three 

Esuch,   j'lnccd  one  over  the  oilier.     Thew  are  found 


I.  Vhal 


re  cowls  1    Describe  Enters 
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ta  action' 
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Tery  efficient  ia  projectiiig  freeh  air  into  thd  eabios  of  ships,  and  other 
umilar  situations. 

699.  The  supply  of  freah  air  in  dwellings  is  derived  in  the 
winter  almost  exclusively  from  the  cracks  and  joints  of  doors, 
windows  and  other  openings.  In  all  good  systems  of  general 
warming,  this  supply  is  derived  from  the  open  air,  or  a  fi*ee  base- 
ment, and  is  warmed  in  its  progress  through  the  heatmg  appa- 
ratus. When  it  is  requisite  to  introduce  cold  ajr  into  a  house, 
it  is  important  to  do  so  in  such  a  manner  as  to  avoid  local  and 
sharp  currents  ;  for  this  piu^pose,  perforated  cornices,  or  open- 
ings covered  by  wire  gauze,  are  provided. — A  too  rapid  current 
is  both  inconvenient  and  costly,  from  the  needless  waste  of  fuel 

In  public  buildings,  the  supply  is  best  obtained  through  a  trench, 
or  horizontal  tube,  opening  into  a  clean  area,  and  protected  against 
powerful  wlndsw  The  injecting  cowl  may  be  advantageously  used  to 
cover  the  opening  of  such  a  supply.  The  distribution  of  the  ascend- 
ing warm  current  is  best  made  through  a  hollow  or  doable  floor, 
perforated  with  numeroas  openings,  while  the  spent  air  is  taken  off 
above,  as  already  described. 

Wanning, 

700.  The  artificial  temperatures  demanded  in  cold  climates 
are  produced,  1st,  either  by  radiant  heat  solely,  as  in  the  common 
open  fire-place,  2d,  by  convection  only,  as  in  hot-air  furnaces  of 
every  description,  in  which  the  air  is  warmed  by  its  passage  through 
a  heating  chamber,  and  then  introduced  into  the  apartments  to 
be  warmed — or  dd,  by  radiant  heat  and  convection  united,  as  in 
stoves,  and  steam  or  hot  water  pipes. 

701.  The  open  fire  contained  in  a  simple  brick  fire-place, 
whether  coal  or  wood  is  burned,  warms  the  air  of  the  room  solely 
by  radiant  heat  The  burning  fuel  solicits  the  air  of  the  apart- 
ment to  be  warmed  towards  the  chunney,  where,  coming  in  con. 
tact  with  the  fire,  it  parts  with  a  portion  of  its  oxygen  to  sustain 
combustion,  is  intensely  heated,  and  rising,  escapes  at  the  flue, 
with  the  heated  products  of  combustion.  Hence  only  the  heat 
radiated  from  the  burning  fuel  and  hot  walls,  is  effectual  in 
warming  the  apartment,  while  much  the  largest  part  of  the  heat 
(three-fourths  to  four-fifths  of  the  whole)  escapes  up  the  chimney. 

699.'  How  is  the  supply  of  air  obtained,  and  how  distributed? 
700.  rfow  are  artificial  temperatures  produced?  Distingolah  the 
three  grades?    701.  How  does  the  open  fire  warm  7    Why  U  this  7 


The  genial  efToct  nnd  cheerful  aspect  of  an  open  fire,  combined 
with  the  effieicul  nienii*  of  TenlilHtion  it  afTurJs,  render  tUis  old  *t3- 
tem  very  impulnr,  when  eomliitieil  with  aome  competent  genera]  pUa 
of  WHrming  the  whole  huura. 

Dr.  Franklin  improved  the  common  fire-place  by  introdncing  iroa 
■toTes,  of  the  wme  general  form,  and  eonnccting  them  with  th* 
ohtmoe;  by  a  circmtoui  pipe,  by  vlileh  mMna  a  mncli  bettertto- 
nomipal  effect  wu  attSiinod.  Knmford  improTsd  th«  torta  of  the 
firo-place  veiy  mueh,  and  eq)eeiallj'  with  reference  to  th*  tlinatiif 
the  chimney  and  angle  of  the  Jamba,  Ha  aho  comUned  it  with  a 
circnlntiuD  of  hut  air  behind  and  at  the  lidea  of  the  fire,  ao  a*  to  ob- 
tain the  effect  of  a  etove. 

StOTes  of  iron,  standing  in  the  apartment  to  be  wanned,  offer,  per- 
hape,  the  moat  econumical  mode  fur  burning  fueL — but  when,  a«  ia  too 
often  the  cose,  they  arc  closed  tight,  except  a  very  Email  op«ning  fi<r 
draft,  thi>y  are  among  the  vilest  contriTanoea  in  ura  for  the  min  of 
the  public  health.  Tlia  atmosphere  of  tbe  room  unavoidably  be- 
comes over-heated  and  corrupted  by  the  products  of  respintion,  io 
the  alniOi't  uuivcrssl  abseuce  of  any  mode  of  ventilation. 

70'2.  Hot  air  furnaces. — Largo  buildings  and  dwelling  houses 
aro  frequently  warmed  by  air  heated  in  its  po^isagc  through  a 
structure  in  (he  lower  jiart  of  the  house.  One  of  the  simplest 
forms  of  npp.iratus  for  tlii.s  purpose  is  seen  in  fig.  iiTii,  bvinj!:  a 
sectional  view  of  a  hot  air  furnace,  in  which  the  cold  air  entering 
370  at  A,  passes,  as  indicated  by 

the  arrows  through  an  ex 
tended  STstem  of  iron  pu- 
sages  stt  in  linck  work  and 
lieate Ml  the  prodiirts  if 
comi  u'.tion  and  the  dirert 
flition  of  the  Are  /  The 
healed  air  gains  the  apart 
ment,  m  1  \  openings  R  m 
\  the  floor  or  sides  of  the  wall, 
while  the  gaMS  of  combus- 
tion eseapi.  bv  tho  flue,  0 
Such  an  Bp]>aratu^  serves 
only  to  illustrate  tht  yci  oral  i  nnci[  le  an  i  would  prove  value- 
less in  practice 


How  did  Franklin  and  ItDTiifonl  iiiipn.vi'  Ihr  CTiunnn  tiri.>-plic>' 
and  chimDCTl  Wiiat  isMidofclosc  MuvcsI  7i>2.  I^ooribc  thcgen- 
eral  prineiplea  of  the  hot-air  fumaec  from  fig.  M7fi. 
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Very  Dnmeroiu  forma  of  hot-air  fOmaeca  are  In  um  in  the  U.  S., 
chiefly  for  the  combustion  of  anthracltie  coal.  They  are  CHentiallj 
alike  in  prindple,  but  very  unlike  in  eonatruetion.  All  take  cool  air 
from  without,  or  from  an  airy  basement,  aod  after  heating  it  in  a 
brick  chamber,  by  contact  with  surface!  of  hot  iron  BurrouDding  the 
fire,  and  oonvejiog  away  the  products  of  comboftion,  distribute  it  by 
flnee  in  the  w^  to  Uie  several  apartments.  Fig.  BTT  preaenta  «  aae- 
tional  view  of  one  of  the  best  hot-air  fnraaces 
at  present  in  nse.  (Chilson's.)    The  fire  of  an-  871 

thraciie  is  coatained  in  a  lai^  shallow  pot  of 
casMrOD,  with  soap-stone,  or  iroDstavea.aDd  the  4 
heated  products  of  combnatton  are  expanded  in 
an  eitenaive  system  of  chambers  of  cast-iron, 
all  commuoicating  with  an  annular  cast-iro 
pipe,  leading  to  the  chliouey.  This  arrange- 
ment affords  a  very  extended  radiating  surface,  , 
with  few  joints,  to  allow  the  escape  of  noxious 
gales  into  the  surronnding  hot-air  chamber. 
The  arrows  indicatethedlreetion  of  the  current. 
In  Rg.  S7  8  is  seen  the  fnniHce,  surrounded  in 
the  brick  work,  which  Is  hollow.  The  cold  air  entcn  a1 
and  being  gently  heated  by  conlaet  with  the  hot  air  surfaces  n-ithin 
the  chamber,  as  well  as  by  the  radiant  heat  f^m  the  same  source,  it 
escapee  by  the  openings,  •  o,  to  the  various  npartmenta.  The  ex- 
tended Iron  surlaoe  in  this  apparatus  prevents  any  part  of  the  for- 
nace  from  becoming  very  hot,  usually  the  chief  318 

eausea  of  compWDtagainsttlilsmodeof  heating.  i| 
Air  is  materially  injured  for  purpows  of  re^plm 
tioD  by  contact  with  over-heated  surrnees,  owing    : 
to  the  charring  of  the  particles  of  dust  and  dirt    i 
always  floating  in  it     The  chief  objection  rest-    | 
ing  against  this  and  similar  modea  of  heating  is 
the  entire  absence  of  radiant  ieat  in  Iht  apart' 
meali,  whose  oecnpanta  are,  so  to  q>cak,  immers 
cd  in  a  warm  air  bath,  and  require,  conjieqacntly,| 
several  degree*  more  heat,  by  the  thermom 
for  comfort,  than  when  radiant  heat  forms  n  per" 
of  the  means  of  an  artiflcUl  temperature. 

Ilot-ur  ftirnacoB  are  commended  on  account  of  theireconomy  of 
construction,  and  ease  of  maoagement,  and  when  combined  with  a 
good  system  of  ventilttioD,  such  as  is  secured  by  an  open  fire  in  one 

What  arc  the  anthracite  furnaces  of  the  U.  a  I  Deaerihe  figii,  877, 
878.  What  ofajectlona  rest  agonal  U«  mode  of  heating  t  What 
excellence*  have  Um^I 
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or  more  apartments,  the  objections  to  them  are  in  great  measure 

removed.  • 

V03.  Heating  by  hot  water,  distributed  in  pipes,  offers  many  ad- 
vantages for  the  salutary  and  economical  distribution  of  heat 
The  high  specific  heat  of  water,  (600,)  enables  it  to  heat  orer 
three  thousand  times  its  own  bulk  of  air  in  cooling  through  a 
single  degree  of  temperature.  That  is,  one  cubic  foot  of  water, 
by  cooling  one  degree,  will  raise  the  temperature  of  8,102  cubic 
feet  of  air  a  like  amount ;  for  0*266  :  1  :  :  827'437  :  81Q9L  In 
this  proportion  the  specific  heat  of  air  is  the  first  term,  and  the 
third  term  is  the  bulk  of  air  equal  to  a  unit  bulk  of  water.  As 
hot  water  is  usually  distributed  in  cast-iron  pipes,  experiments 
have  been  made  upon  the  rate  of  cooling  of  these  pipes,  whidi 
show  that  one  foot  in  length  of  pipe  four  inches  in  diameter,  will 
heat  222  cubic  feet  of  air  ono  degree  per  minute,  when  the  diifcr- 
ence  between  the  temperature  of  the  air  and  the  pipe  is  125*. 
The  advantage  of  hot  water  as  a  means  of  heating,  depends  much 
on  its  high  capacity  for  heat,  and  its  slow  rate  of  cooling,  by  whidi 
the  temperature  declines  very  slowly,  after  the  fire  is  extinguished 

For  horiicultunil  and  manufacturing  structuroj*,  and  other  build- 
ings where  largo  pipes  are  not  an  objection,  it  has  prominent  clainu. 
In  private  house»»,  where  the  hot  wat<»r  pipes  occupy  a  chamber  in 
the  l>aseinent,  and  the  air  is  heated  by  passing  among  them,  all  ad- 
vantage of  the  radiant  heat  is  lost,  and  the  apparatus  becomes  com- 
paratively inetlieient,  and  very  costly,  if  a  sufficient  number  of  pipes 
ore  laid  in  to  do  the  work. 

704^.  Perkins'  high  pressure  hot  water  apparatus. — The  S3rstem 
just  named  uses  water  at  a  very  low  pressure,  never  over  six 
lbs.  to  the  square  inch.  Mr.  Perkins  has,  however,  patented  a 
system,  in  which  the  hot  water  is  distributed  in  very  small  iron 
pipes,  under  enormous  pressure. 

Tlie  plan  of  this  system  in  seen  in  fig.  879.  A  coil  of  pipe,  5,  (1 
inch  outside  and  \  inch  inside,)  is  heated  by  the  fire,/.  The  rising 
pipe,  M  <,  is  carried  to  the  top  of  the  circulation,  and  in  each  storv  or 
apartment,  a  coil,  c'  c\  c  c,  distributes  the  heat,  the  water  returning 
by  the  descending  pipe,  t'  i'  i\  as  indicated  b}'  the  arrows.  At  the 
highest  point  t»f  the  circulation  is  placed  a  ten  inch  pij»e,  called  the 
*  expansion -pipe,*  fitted  witli  a  cock  for  the  escape  of  air,  and  the  ad- 


703.  "What  is  said  of  hot  water  ?  On  what  doc*  its  excoUenoe  de* 
pend  1  Illustrate  thisw  704.  Describe  Perkins' high  jirensure  system- 
what  objection  exists  to  it  1 
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mtnton  of  irttcr.     A.  nfBcient  Toid  1b  left  to  «ioomiiiod(it«  tlia  ez.- 

panrioD  of  the  water,  which  U  abont  one-  S7D 

twelfth  the  whola'bolk.   Thus  arranged,  the 

temperatars  of  the  pipes  can  be  nb«d  1« 

any  required  degree — and  in  practice  they 

vary  from  S00°  to  SfiO° — L  *.,  trom  abont 

16  Iba.  to  aboat  flIG  Iba  to  the  iqiiare  inch. 

Ho  lafety  valve  l«  naed  on  thi»  apparatna, 

and   nmneroaa  azpIodoDs  of  the  fire  eoil 

have  happened  with  ita  uie.     "Die  high 

tamperatore  of  the  ]dpes  endanger*  bnild- 

ing*,  and  gives  to  the  ur  heated  by  it  the  em- 

pyreumatic,  burnt  odor,  which  Is  bo  objec- 

tionnblefromcast-tronBtovea  Itiaandonbt- 

cdly  more  efficient  than  the  low  prcBBure   i 

hot  w«t«r  ^Btem,     Tlie  eyBtem  of  high    i 

presBore  tieam  pipes  ii  very  similar  t< 

aad  eqnallj  open  to  the  objection  of 

healiog  the  air,  aod  endangeriiig  bnlldiDga   j 

from  fire. 

70S.  Oold'i  A 
dlaton. — In  this  system,  the  beat  ia  radi- 
ated from  Bur&ceB  of  japanned  sheet-iron,  &Bt«ned  together  bj 
rivets  at  the  bottom  of  coDcave  doprcBuoos  in  the  outer  sheet,  as 
seen  in  fig.  880.  This  arrangemeDt  divides  the  whole  steam 
space  into  numerous  communicating  cells,  is  seen  in  the  cross 
section,  D;  the  steam  arrives  tW>m  880 

the  boiler,  flg.  881,  under  very  n^,«a^pV,(»a^^<r^o«< 

low  pressure,  (one  pound  to  the    ' 

inc^)  by  the  inlet  cock,  A,  and  |^ 
the  air  escapes  at  an  outlet  cock  ii 
the  opposite  comer  above.     The  || 
water  of  condonsatioD  returns  to  j| 
the  boiler  by  the  same  pipe^  con-  'um  • 
veying  the  steam,  which  is  made   8- 
Bufficiently  large  for  that  purpose. 

TheM  radUtors  are  placed  In  the  apartmenu  to  be  heated,  either 
dngly  or  in  gmaps  of  three  or  (bur,  concealed  under  an  ornamental 
•crean  and  covered  with  marble.  The  heat,  in  that  eass.'ts  both 
radiant  h«at  and  heat  of  eooveetloD.    The  radiators  may  also  b« 


eonfioed  in  ft  apue  bdow  tlie  tputiDtnt*,  uid  tbe  »ir  to  b«  wamtj 
pused  through  or  unong  them,  in  which  cue  only  faoit  of  eontfe- 
tiOD  reaches  the  apartments,  u  in  the  common  Iiot-^fbnwce*^  TUm 
If  stem  it  economical  ol  fnel,  affident  for  tbe  moat  aevcre  wtmlha,  ind 
when  combined  with  a  proper  ^atem  of  TantilsUoa,  ontiKlj  nnei- 
eeptionable.  It  baa  the  great  merit  of  Mcniiiig  exactly  tba  didnd 
degree  ot  heat  juat  where  it  ia  wanted,  howerer  reinat«  fi«n  tbi 
holler,  and  la  bj  ueani  of  the  ai>coek,  a^natable  to  any  tMnpantnra 
706,  niaboUwof  Oold^itMonhMdar  isperftetly  ■ntomalic. 
knd  is  a  beautiful  iUustration  of  the  mm  with  which  ao  powtrfcl 
an  agent  as  steam  can  be  brought  under  entire  self-contnd  ind 
rendered  quite  free  from  atl  danger. 

Fig.  3B1  ia  an  elCTatiou  of  tliif  boiler,  act  for  um  in  ita  moaonif,  2. 
SSI  The  water  riMS  in  the  tab^  /.wUeii 

ia  open  tu  the  air,  to  eottatapeiM 
the  preMure,  wideh  ia  scl)B>ted  la 
le  ponnd  on  the  inch.  J  ia  tbtn- 
re  a  hydroetaHe  baUnce.  The  aih 
door,  C,  lieing  closed  lower,  no  «Lr 
baa  acceu  to  tbe  fire  except  tbreDi:ii 
the  aide  vent,  E.  Thia  doiea  br  a 
conical  cover  at  the  end  of  a  ehab, 
as  loon  as  the  limit  of  prtvure  iJ 
reached,  for  then  the  Iptct,  F,  rim 
on  of  the  water  premngap 
:  the  eUetic  corer  of  F.  A  like  ar- 
rangement, G,  next  open*  the  upp«r 
feed  door,  C  ;  if  the  fire  la  not  polE- 
ciently  held  in  check  by  F,  C  continues  to  open  nntil  anffieitct 
cold  air  entere  the  fluei  to  rednce  tlie  steam  to  ita  limit  and  hdd  it 
there.  The  tafety  tqItc,  /.  ia  likewise  under  the  control  of  a  ainiilar 
arrangement,  H,  which  comes  into  action  after  F  and  G.  if  Deeded. 
K,  K,  arc  the  steam  pipes  leadin;;  to  the  radiator*,  and  the  wnckf 
rcAehes  the  chimney  by  tlie  pipe.  S.  Such  nice  adjuatmenta  leewt 
great  economy  of  fuel,  aa  tbe  combuBtion  cannot  proceed  &sur  liian 
the  demands  of  tbe  radiaton  require. 


DTVAHICtL  THEOBT  0 


707.i>I>7iMiBloal  tbeory  of  heat^From  the  conatant  relation 
which  exists  between  heat  and  mechanical  force,  a  strong  argu- 
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ment  his  been  drawn  for  the  mechanical  or  dynamical  theory  of 
heat,  which  rests  on  the  supposition  that  heat  is  motion.  (486.) 

708.  BSoUoiis  of  UiA  moleoaloa. — ^In  this  theory  it  is  assumed 
that  the  parUcles  of  all  bodies  are  in  constant  motion,  and  it  is 
this  motion  which  constitutes  heat  The  kind  and  quantity  of 
the  motion  varying  with  the  solid,  liquid  or  gaseous  state  of  the 
body. 

ThaB  in  toUds,  it  may  be  asenmed  that  the  moleeulee  are  continu- 
ally oeclllating  about  their  pooition  of  equilibriam.  This  motion 
may  be  vibration  of  the  constituent  atoms  of  a  molecule,  or  of  the 
entire  molecule,  and  may  be  rectilinear  or  rotary. 

In  liquidSf  the  molecules  have  no  constant  position  of  equili- 
brium, the  repulsive  and  attractive  forces  being  nearly  eqoaUzed. 
The  movements  of  the  liquid  molecules  may  therefore  be  either  vi- 
bratory, rotary,  or  progressive. 

In^Met,  the  repulsive  force  predominating,  the  molecules  move  on- 
ward in  straight  lines. 

709.  Vaporlsatioii. — The  phenomenon  of  vaporization  is  ex- 
plained in  the  following  way,  by  the  dynamical  theory  of  heat. 

At  the  surface  of  a  liquid,  a  peculiar  combination  of  the  different 
motions,  may  cause  a  molecule  to  be  thrown  off,  and  out  of  the  reach 
of  the  neighboring  molecules,  before  their  attractive  force  can  anni- 
hilate its  projectile  motion.  The  space  above  will  become  more  and 
more  filled  with  these  replied  molecules,  until  equilibrium  is  ob- 
tained, when  the  number  of  molecules  projected  into  the  space  above 
is  equal  to  the  number  impinging  on  and  retarded  by  the  sur&ee 
of  the  liquid.  This  is  the  process  of  vaporization ;  it  iDcreases  with 
the  temperature  and  diminishes  with  the  pressure,  and  may  take 
place  from  the  surface,  either  of  a  solid  or  of  a  liquid.  (619.)  Ihe 
limit  of  vaporiation  is  reached,  when  the  cohesiye  force  of  the  mole- 
cules is  more  powerful  than  any  oombi nation  of  molecular  move- 
ments. 

710.  Obangas  in  th«  stat«  or  wolome  of  bodiaa*— This  view 
explains  the  production  and  consumption  of  heat,  whidi  accom- 
pany changes  of  state  or  vdlume  in  bodies.  The  work  performed 
is  partiy  internal  and  partly  external 

Thus  when  a  solid  is  melted,  there  is  an  internal  work,  employed 
in  changing  the  relative  position  of  the  molecules,  and  in  consequence, 
an  absorption  of  heat  proportional  to  the  work  accomplished.  In 
evaporation  there  is  an  internal  work,  employed  in  separating  the 

70S.  What  does  tUt  theory  assume  t  How  does  the  motion  vaiy  I 
How  ia  it  in  solidi  ?  How  In  liquids  f  How  In  gaset  T  700.  H6v 
ia^vaporization  explained  on  this  theory  7 


OHMM  thsBidra  to  the  wpMBmol  tha  Tapai 

Wlm,  on  tha  •ontniy,  •  pw «  npnr  U  SqoaOafl  ^  aMfnrti^ 
OaaxtatnUwoA  bnppliad,  wlAatatarMl  w«ilPaHtolfei» 
hiMw  tetM  rtWi  tow ■ttoihiiBuJiwi  t«grt^  h  Iwi^fc^MHifc 

hMi.       -^   ■  ■  -..-^-..-«^-.-  ..--. .-      I     llltll  Mil 

Oc  boImoIw  b  tnw*nMd  iMto  Im^  a^  i^ifMUB  M  aMAIitafc 

It  is  erident  thattliis  thaoiy  wouH  modifr  the  ideas  gene 
Mctfndof  ttMUMmotof  bNkinbodk's.     Thus  the  heat  « 

li  TOidered  latent,  wlm  a  aoUd  b  Gqucfieil,  cannot  be  reg« 

rimpljr  aa  being  inaeosible ;  It  mnrt  he  considered  as  dostrojvC 
or,  more  proper!;,  aa  being  ooanrted  iato  motion.  ^ 

Til.  JJatt  at  meaiiii  aiiiMit.  the  ibo^pouall 1q  the  espcdt 

Bnto  upom  the  mediMiiol  equivalent  of  heat,  the  unit  adt^Ml 
bi  Kigland  and  in  thia  oounby,  Ja  the  *T*-iririiiM|.  or,  tht  H^ 
<biiiinl  fima  vipeoded  ia  ndaing  a  poQBdwaliM  ana  AaiU^ 
(686.)  In  Fniwa  and  other  Surop«anamnlitaa,tlMjalba|qirt 
la  ttu  medunical  fivce  expended  in  ■■^ifp'g  w^  UkHBWi4 
(9-2056,}  one  metre,  {89'3T  in.)  high. 

712.  Helitlwn  o(  beat  and  foros. — It  haa  alnadj  bMO  itatid, 
(491,)  that  motion  or  mechanioU  force  produem  heat.  Wb« 
heat  is  produced,  mechanical  force  ie  deatroyed.  The  « 
between  heat  and  mechanical  fbrce  ^ipcus  more  intuni 
it  is  shown  that  a  given  quantity  ofaUke  one  may  be  i 
into  a  determinate  quantity  of  the  other.  Hence  it  bu  ba« 
concluded  that  mechanic^  force  is  transformed  inta  htnt.  aai 
conversely,  that  beat  is  transformed  into  motion,  when  it  is  d>- 
Btroyed. 

718.  DetarmlnatlDn  of  th«  meohanloal  •qntralMt  of  TimI 
According  to  the  preceding  thefu?,  the  mechanical  oqnmlentiif 
beat  is  independent  of  the  nature  of  the  body  bj  wboaa  agtn^ 
the  transformation  of  mechanical  force  into  heat  is  efiected; 
bence  the  same  result  should  bo  arrived  at,  vrbatevor  eootae  of 
experiment  is  adopted.  Ur.  J.  P.  Joule,  of  Haadiestcr,  bg^ 
has  made  the  moat  exact  detominatton  of  the  mediHiioil  sqoiT- 
alent  of  heat  in  a  aeries  of  very  careM  and  elabont*  «!ip«i> 
ments,  condact«d  between  the  years  1640  and  18M.  B«  drtv 
mined  the  mechanical  equivalent  of  heat  in  a  number  of  w^|i^ 

What  limita  ttl  TIO.  How  doet  it  explain  oIung«e  of  ttata  or 
Talamal  (1.)  Whan  a  ulid  i>  melted  I  (2.)  When  a^lsliqaeftadl 
Bow  dow  It  affeat  oar  viewi  of  laUnt  heat  I  11L  WhatiaUwaatt 
«f  heatBMMianantl    Tli.  What  kIhenlaU<mo(  heattofanal 
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reversing  the  question,  and  determining  the  amount  of  heat  pro- 
duced by  a  certain  expense  of  mechanical  force. 

One  method  was  by  the  eomprettion  of  gases ;  compressing  air 
with  a  great  force  in  a  copper  receiyer,  in  one  series  of  experiments 
filled  with  air  only,  and  in  another  with  water.  The  whole  appa- 
ratus was  placed  in  the  water  of  a  calorimeter,  whose  temperature, 
before  and  after  the  experiment,  was  carefully  detennined.  The  heat 
developed  by  the  friction  of  water  and  of  oil,  was  determined  in  an 
apparatus  consisting  of  a  brass  paddle-wheel,  having  revolving  vanes 
working  between  stationary  vanesw  This  wheel  was  made  to  revolve 
by  the  descent  of  a  known  w^ght,  and  thus  the  mechanical  force 
exerted  could  be  determined.  A  similar  apparatus,  of  smaller  size, 
and  made  of  iron,  was  used  for  experiments  on  mercury.  In  all  cases^ 
the  apparatus  was  placed  in  a  metallic  vessel  filled  with  the  liquid, 
and  the  temperature  noted  before  and  after  the  experiment 

In  his  experiments  on  the  friction  of  solids,  Mr.  Joule  used  an  ap- 
paratus consisting  of  a  vertical  axis,  which  carried  a  beveled  cast-iron 
wheel,  against  which  a  fixed  cast-iron  wheel  was  pressed  by  a  lever. 
The  whole  was  plunged  in  an  iron  vessel  filled  with  mercury,  the 
axis  passing  through  a  hole  in  the  lid.  In  all  of  these  experiments^ 
the  temperatures  were  noted  by  thermometers,  which  indicated  a  va- 
riation of  temperature  of  the  one  two-hundredth  of  a  degree  F. 

714.  RMnilta  of  Joii]«*s  ozpcrimfliitfl. — In  the  following  table 
are  given  the  most  impoi^ant  results  obtained  by  Mr.  Joule. 
The  second  column  gives  the  results  obtained  in  air,  the  third 
column,  the  same  results  corrected  for  a  vacuum. 


Material 
employsdL 

Sqaivalent 

Ob  foot-pounds) 

in  sir. 

EqalTslant 
in 
Toeno. 

Moan. 

Water,    .    . 
Mercury,     . 

Cast-iron,    . 

778-640 

5  778-762 

776-808 

776-997 

"  774-880 

772-692 
i  772-814 
776-862 
776-046 
778  980 

772-692 
774-088 

774-987 

715.  Oonolualoni  dadiio4d  from  th*  abov«  aqMrimMits. — 

1.  That  the  quuntity  itf  heat  produced  by  the  friction  of 
hodiet  i$  alwiy$  proportional  to  the  fores  employed, 

2.  That  the  quantity  itf  heat  eapable  qf  inereanng  the  tern- 


718.  What  is  the  relation  of  the  equivalent  of  heat  to  the  body 
heated?  How  did  Joule  determine  the  mechanieal  equivalent  of 
heat  by  gases  t  How  for  liquids  t  How  for  solids  t  714.  What  are 
the  results  of  Joule's  experiments t 


Md  SO'}  (y  1*  ^,  rwffvifw;  ^  UkwImNms  a«  «VMiMw«  ^ 

MlfbMM    Prat  'nDMM(PM.ll^^>liklW)^nt> 
HdMUy  dMBOMtntod  tan  Aa  Iji^iig  ttwj  iTIll^ 

th«tMr'"t>it»MBMjb*kMUdWI.slMM4lMar         ~    ' 
pwliTit  bymfBipf  *  ptoperiy  wiKiini  a 

•(«^  ipwdlBg  iwtmmthu  oMthfrtT^tt  oCtfw* 


mrind  bMkwda,  iMy  b*  «Dpla]r«d  to  pfgAaM«apaqg^ 

WiMM  ntn-powtr  •bounds  tlukMt«fftMlwkMtaMaNU* 
mm  bnlMiiigi.  Mtd  aa  appuatti*  hat  baw  aaHlraalii  ki  fM^h 
«kUk  wMr  k  eoBTartad  Into  itaaa  by  ftMiaa  «l^r- 

TIC  T    I  "     •  ■      'j    "  • "    f'TlJ  ■%>!  WJ 

piofltibl7  ba  hm  oomtdBrad  mt  RNKtar  Inilfa,  tofe  mhA  < 
•{MM  compelfl  the  omiBsion  of  aajthing  more  nadar  Oat  hM< 
klthoiif^h  ita  discuasion  would  be  both  intereatiiig  and  p 


lia.  What  ouncluiioM  foUovI    Whatuiba  tbannal^hat  e(a 


Kirctrifal  dmcAifu  <tf  tfaint  /or  b«tk  sUetrMMm. 
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717.  Optics. — ^Lii^L — Optics,  (from  the  Greek  yerb,  optomcA^ 
to  see,)  is  that  branch  of  physical  science  which  treats  of  the 
nature  and  properties  of  light 

Light  is  the  agent  which,  acting  upon  the  eye,  produces  the 
phenomena  of  vision. 

718.  Nature  of  UgbL — ^In  regard  to  the  nature  of  light,  a 
great  diversity  of  opinion  has  prevailed  among  philosophers. 

(a)  Corpuieular  theory, — Sir  Isaac  Newton  maintained  that 
the  phenomena  of  light  are  produced  by  luminous  corpuscles 
thrown  off  from  burning  bodies,  each  particle  producing,  in  its 
flight,  vibrations  in  the  surrounding  ether  similar  to  the  waves 
produced  by  a  stone  frilling  into  the  water. 

(b)  Undulatory  theory, — Huyghens  maintained,  in  opposition 
to  Newton,  that  light  consisted  solely  of  vibrations  in  an  ethereal 
medium,  without  the  onward  progress  of  any  substance  what- 
ever. This  theory  has  been  investigated  and  defended  by  many 
of  the  ablest  philosophers ;  by  Young,  Malus,  Fresnel,  Brewster 
and  others,  and  is  now  generally  received. 

The  undulations  producing  the  phenomena  of  sound  take  place 
in  the  same  direction  that  the  sound  itself  moves ;  but  the  vi- 
brations of  light  are  supposed  to  move  at  right  angles  to  the  di- 
rection in  which  light  is  propagated.  It  is  difficult  to  explain  all 
the  phenomena  of  light  even  on  this  theory. 

{e)  An  oeeillatory  theory  of  light  has  been  recently  proposed 
by  lifr.  Rankine,  of  Glasgow. '^  In  this  theory,  thoparticles  of  lu- 
miniferous  ether  are  supposed  to  rotate  on  Uieir  axes,  by  the  in- 
fluence of  a  species  of  magnetic  force,  which  is  wholly  destitute 
of  effect  in  producing  resistance  to  compression,  so  that  it  is  no 
longer  necessary,  as  in  the  undulatory  theory,  to  suppose  the 
luminiferous  medium  to  have  the  properties  df  an  elastic  body. 
The  same  mathematical  formulsB  are  employed,  with  this  hypoUi- 
csis,  as  for  the  undulatory  theory.    Whether  this  theory  can  b« 

*  See  tranaactions  of  the  British  Aiaooiatioa  for  1808,  p.  9. 

717.  From  what  it  the  term  optios  derived  t  Of  what  does  optics 
treat  t  What  is  light  ?  718.  What  was  Newton's  theory  of  the  na- 
ture of  light  I  What  was  Hnyghea's  theory  ?  In  what  respect  do 
these  two  theories  afreet  In  what  respect  do  they  differ!  How 
are  the  vibrations  of  light  supposed  to  differ  from  the  vibrations 
which  produce  sound  f     What  is  the  oscillatory  theory  of  light  1 


applied  to  expbuD  ill  the  phenomena  of  phjtical  optica,  miuiiii 
to  be  proved 

719.  RdaUonofdifiareiitbodiMtoUght. — ^AU  bodies  are  ttlbff 
lununouB,  transparent,  translucent,  or  opaque. 

(a)  Lumbous  bodies  are  those  in  which  light  originalc^  u  ibe 
sun,  and  burning  bodies. 

(h)  TVaruperenCbofJtMRllowligbttopasBfrnely  throughtiicB, 
thus  permitting  the  form  of  the  other  bodies  to  ba  distiiietlf  aeea 
through  them.  Such  are  water,  air,  and  poliahed  glass.  Sucb 
BubEtanccs  are  also  said  to  be  diaphattinu,  (from  dto,  tluougk, 
and  phaino,  to  ebine.) 

(e)  TTantlucent  bodiei  penult  onlj  a  portion  of  light  to  paa, 
and  in  so  irregular  or  imperfect  a  manner,  that  the  outliiw  tf 
other  bodies  cannot  be  clearly  seen,  aa  through  rou^  glaai  ud 
oiled  paper. 

(d)  Opagve  bodiei  ore  those  which  do  not  ordinarilj  allow 
any  light  to  pass  through  them,  as  wood  and  tha  metala.  But  all 
bodies,  oven  the  metala,  may  l>e  made  so  veiy  thin  as  to  become 
partially  transparent  or  translucent 

T20.  Rajra,  pencils,  and  beams  of  light — A  single  1ineoflig:ht 
is  called  a  ray.  A  pencil  of  light  is  a  collection  of  rays  diverg- 
ing from  a  common  source,  or  converging  to  a  point  A  boiTa 
of  light  is  a  collection  of  parallel  rays.  Diverging  rays  arc  tbcee 
which  gradually  sciJorato  from  each  other.  Converging  rays  an 
those  wliicli  tend  to  meet  in  a  common  point ;  hence  we  have  the 
terms  diverging  pencils,  and  converging  pencils  of  light 

721.  Visible  bodies  emit  light  from  every  point  and  in  ererr 
direction,  the  roys  diverging  from  each  point  in  right  lines. 
Lot -4  B  C,  fig.  SSI.  be  three  pointa  in  any  i  isible  object;  from 
HS2  each  of  the^  points,  light  18  emitted  in  direi^cg 

■peneila,  a»  partinlly  represenled  in  the  figure. 

In  this  figure  ecrtuin  points  are  seen,  wbrrerayt 

|from  A  B  C,  erosa  each  other,  and  betveen  tbt-m 

scant  epsceg.     ^'o  sucb  vaeani  apacea  exift, 

Ibut  the  rays  from  all  pointa  in  (he  object  areeruM- 

Ring  eavli  otber  at  every  point  in  the  s|iaee  wbi^re 

ubjeet  is  vitiblu. 

7tt).  What  are  luminous  boJiesI  What  are  transparent  boJiesI 
Hfhat  are  tnineluecnt  Ixidieat  What  builieB  are  eiillud  oi-aquel 
720.  Whalii-Bniv  otlijihtl  What  isajienoil  of  liyliir  Wliaiiia 
beam  of  light  1  >\'hBl  nve  .iiveij-'inir  rays  I  W  hat  ar«  convergiag 
rays!    741.  In  wbst  direction  .lo  vl«l>1c  bodies  eniii  light  ( 
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722.  Propagaftloii  of  Ught  in  a  honiogWMOiis  BUKHnnii — ^A  fne- 
dium  is  Bomething  existing  in  space,  capable  of  producing  phe- 
nomena. A  medium  is  called  luminiferous,  which  is  capable  of 
transmitting  light;  and  is  said  to  be  homogeneous  when  the 
composition  and  density  of  all  its  parts  are  the  same.  All  space 
is  supposed  to  be  pervaded  by  a  luminiferous  medium,  called  lumi- 
niferaui  ether^  and  yet  the  particles  of  this  ether  may  act  upon  each 
o^er  at  great  distances.  In  a  homogeneous  medium,  light  al- 
ways moves  in  straight  lines.  K  any  opaque  body  is  placed  in 
a  direct  line  between  the  eye  and  a  luminous  body,  the  light  is 
intercepted. 

When  light  enters  a  dark  chamber  by  a  very  small  opening, 
the  course  of  the  light  becomes  visible  by  illuminating  the  fine 
particles  of  dust  always  floating  in  the  air.  Rays  of  sun-light 
are  thus  easily  demonstrated  to  move  in  straight  lines. 

723.  Velodty  of  light. — Light  travels  with  such  amazing  ve- 
locity, that  for  any  distances  on  the  surfiu^  of  the  earth,  the  time 
occupied  in  its  passage  from  one  point  to  another  is  totally  inap- 
preciable by  ordinary  means. 

In  1676,  Roemer,  a  Danish  Mtronomer,  obfterved  that  the  ediptee 
of  the  first  satellite  of  Jupiter,  which  oconr  at  uniform  intervals  of 
time  when  the  earth  is  moving  in  that  part  of  her  orbit  nearest  to, 
or  most  remote  from  Jupiter,  are  constantly  retarded  when  the  earth 
is  moving  ft-om  that  planet,  and  as  regularly  accelerated  when  the 
distance  between  the  earth  and  Jupiter  is  diminishing.  He  found 
that  when  the  earth  was  in  that  pert  of  her  orbit  most  distant  from 
Jupiter,  the  eelipeee  of  the  first  satellite  take  place  16  m.  86  a  later 
than  when  in  the  opposite  part  of  her  orbit 

FoucaulV*  apparatus  for  meoMwing  the  velocity  of  Zi^At— Notwith- 
standing the  prodigious  velocity  of  light,  M.  Foucault  hss  succeeded 
in  measuring  it,  by  employing  a  revolving  mirror,  according  to  the 
method  devised  by  Wheatstone  for  measuring  the  velocity  of  elee- 
tricity.  In  describing  this  apparatus,  we  shall  suppoee  the  proper- 
ties of  mirrors  and  lenses  to  be  already  understood. 

The  apparatus  of  M.  Foucault  Is  represented  in  fig.  888.  The 
shutter  of  a  dark  chamber  is  pierced  with  a  square  opening,  K,  be- 
hind which  a  fine  platina  wire,  a,  is  stretched  vertically.    By  means 

What  is  a  medium  t  What  is  a  luminiferous  medium  T  What  is  meant 
by  Inniiniferous  ether  I  722.  How  does  light  move  in  a  homogene- 
ous medium  t  How  is  this  demonstrated  T  728.  What  is  said  of  the 
velocity  of  light  T  Who  first  determined  the  velocity  of  light  7  How 
did  be  determine  it  ?  Describe  Fooeault's  method  of  determining 
the  velocity  of  light 
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Xk«f  kagfMMb  plMed  at  >  dlntwim  ~ 
IbM  4oddft  llM  atateMe  of  Its  priMipftL 


•  « 


fcnMid  ift 
faMft  li  i1ii|J«n<id  with  fts  MgnUr  TiitBi^,  dioblft  11^ 
tta  aiRWSi*  Thk  irnagt  it  iMtiYod  liy  •  amoM 
fcnd  tlMftite  oeiitM  of  enrvmton  eolBoidai  wHfc  IIm  taSm  «C 
of  Uio  reToWing  mirror,  m,  Tho  pencil  reflooUd  bj  tlio 
returns  beekward  and  is  again  reflected  by  tbe  mirror,  wt,  and 
back  throngh  tbe  lens,  L,  and  forms  an  image  of  tho  platinvm  wirs^ 
coinciding  witb  tbe  ivire  itself,  if  tbe  mirror,  tn,  roTolToa  dowly. 
In  order  to  Hew  tbis  image  witbont  obeenring  the  poaetl  of  ll|^ 
wbicb  enters  the  diamber  by  tlie  opening,  K,  •  piece  of  pUlo  ^m^ 
V,  with  parallel  foces,  is  placed  between  the  l«is  and  the  pletiii 
wire,  inclined  in  such  a  manner  that  the  rays  refiectad  CUl  vpoa  a 
powerful  eye*  glass,  P.  If  tbe  mirror,  m,  renudna  etatioBafy,  or  if 
it  reTolTcs  slowly,  the  returning  ray,  M  m,  &Ua  upon  tho  nliTor.  i^ 
in  the  same  position  it  occupied  at  tbe  first  reflection,  and  rotnniag 
in  the  direction  it  came,  it  meets  at « the  plate  i^asi,  V,  and  it  partlaQlf 
reflected  and  formed  in  d^  at  a  distance,  «  d,  equal  to  a  e^  aa  iasaga 
wbicb  is  seen  by  the  eye  by  means  of  tbe  eye-piece,  P. 


*  To  demonstrate  this,  let  m  a,  fig.  888  a,  be  tlie  reTolring  mirtoiv 
O,  an  object  placed  before  it,  and  forming  its  image  at  (X  ;  whoa 
the  mirror  arrires  at  the  position  m'  n',  the  image  will  bo  fennad 
at  O".  But  tbe  angles^  (/  O  O",  and  m  c  m'  are  equal,  boeaoea  thefar 
sides  are  perpendicular  to  each  other.  But  tbe  inscribed  angle  O  OO* 
ii  measured  by  half  the  arc  O*  0\  and  the  angle  m  c  m',  iamearored 
by  the  entire  are  at  m'  ;  hence  the  arc  C  O",  is  double  m  m',  vhioh 
thm  demonetratee  that  the  angular  Telocity  of  the  image  it  doable 
the  angular  yelodty  of  the  mirror. 

Is  the  Telocity  of  light  the  same  in  all  subetances  ? 


K 
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The  reTolving  mirror,  m,  eaiisMthis  imag«  to  be  repeated  at  each 
reyolntioo,  and  if  the  Telocity  of  rotation  is  nniform,  the  image 
does  not  change  its  position.  When  the  Telocity  does  not  exceed 
thirty  rcTolutiona  per  second,  the  auccefisiTe  appeanincec  of  the 
image  are  distinct,  but  when  the  Telocity  is  greater,  the  impressions 
upon  the  eye  are  continuous,  and  the  image  appears  constant 

When  the  mirror,  m,  revoWes  with  great  rapidity,  its  position  is 
sensibly  changed  during  the  interval  occupied  by  the  light  in  passing 
from  miA>  M,  and  back  again  from  Af  to  m,  and  the  returning  ray, 
after  reflection  by  the  mirror,  m,  takes  the  direction  m  6,  and  forma 
an  image  in  t ;  thus  the  image  has  deviated  from  if  to  t.  Strictly 
speaking,  there  is  some  deviation  even  when  the  mirror  turns  slowly, 
but  it  is  appreciable  only  wbeu  it  hss  acquired  a  certain  magnitude, 
by  making  the  rotation  of  the  mirror  sufficiently  rapid,  or  by  taking 
the  distance,  M  m,  sufficiently  great  By  means  of  the  deviation  in 
the  position  of  the  image  and  Uie  velocity  of  rotation,  the  time  re- 
quired for  the  light  to  pass  fh>m  m  to  if,  and  back  again,  becomea 
known,  making  fssitfm,  f  =  Zm,  r=  O  L,n  =z  the  number  of 
revolutions  per  second,  E  =  the  absolute  deviation  d  t,  and  V  =: 
the  velocity  of  light  per  second.  M.  Foncault  obtained  the  following 
formula  for  the  velocity  of  light 

Y    -s     8«f*iir 


i(l  +  I') 

In  the  experiments  of  Bl  Foucault,  m  Jlf,  was  only  about  four 
yards,  but  by  giving  the  mirror,  m,  a  velocity  of  600  or  800  revolu- 
tions per  second  he  obtained  a  deviation  of  from  eight  one-hundredtha 
to  twelve  one*hundredths  of  an  inch. 

Experiments  have  been  made  with  the  same  apparatus  to  deter- 
mine the  velocity  of  light  in  liquids.  For  this  purpose  a  tube,  A  B, 
three  yards  long,  is  filled  with  distilled  water,  or  any  other  liquid, 
and  placed  between  the  revolving  mirror,  m,  and  the  concave  mirror^ 
M\  similar  to  M,  The  rays  of  light  reflected  by  the  revolving  mir> 
ror  in  the  direction,  m  M\  pass  twice  through  the  column  of  fluid 
in  the  tube,  A  B,  before  returning  to  the  mirror,  V,  The  returning 
ray  is  reflected  at  e,  and  forms  an  image  at  A.  The  deviations  of  the 
rays  which  traverse  the  liquid  are  greater  than  the  deviation  of  the 
rays  which  are  propagated  in  air  alone,  which  shows  that  the  velo- 
city of  light  in  fluids  is  less  than  In  air. 

724.  No  theory  of  Ugfat  fa  entirely  aaHafiictory. — In  the  cor- 
ptucular  theory  of  light,  advocated  by  Newton,  it  was  supposed 
that  fluids  and  solids  attracted  the  light,  and  refiraction  was  ex- 

724.  How  does  the  diminished  velocity  of  light  in  fluids  favor  the 
undulatory  theory  of  light  f 
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plilned  bj  lupporingtliat  U^  nofw  Asfew  Ik! 
in  air,  as  iB  known  to  ba  the  oiM  in  NgHd  to : 
to  the  unduktofj  theory,  it  ia  loMiwn  iliat 
moat  more  alowar  in  danaa  bodlaa  tliaa  tibm  in 

Tha  diaoovery  of  Foooanlt^  thatii|^«eSllft^y 
danBer  madia,  tanda  to  conflmi  tiia  nndulalior^  tibaotx* 

Tha  immaoBa  powar  of  roaiaHnft  coainiwaalun  Hfldaii  ai 
'ong^ttopoaaeaa,  in  order  to  trammit  tpanTOTa  TitiMftBi  wi> 
ft  Taloeity  ao  much  greater  than  jCha  mOHona  of  Ilia  wfltiiliiiB 
eta  or  cometa,  ia  an  oljectioQ  afainat  tfaa  "**iT«tfliy  fUaij  iU 
haa  not  yet  bean  aatia&ctcffilj  anawared. 

,The  difOQtnoii  of  the  theoriai  of  light  baloBga  aa 
partmenta  of  mathematim 

any  aabatanoaia  either  abaorbad,di^iawad, 
If  it  dia^ipean entirely,  it  ia  aaid  to  ha  oSaarMI/  aa 
frllanpcm blade anbetancea.    NoaabatanoaaahMnballlba^^ 
for  the  ftctthat  the  blackest  sohstanoa  ia  atfll  Tiilbla^ 

its  different  parts  emit  some  of  the  light  which  they 

(b)  Dispersion. — Light  falliDg  upon  opaque  bodiea, 
them  to  become  luminous,  or  to  emit  light  in  all  directioDa,  and 
thus  become  visible.  Such  bodies  are  said  to  di»per9e  lig^t,  be- 
cause they  scatter  the  light  in  &U  directicms  from  wliidi  thay  aia 
visible. 

Bodies  owe  the  property  of  dispersing  light  to  the  innumanUa 
little  facets  of  the  particles  composing  their  rough  waaAoKL 
Only  part  of  the  light  is  thus  irreg^ularly  reOected  or  diaparaad, 
while  much  of  it  is  probably  absorbed  or  destroyed. 

{c)  Reflection, — When  light  fiUlsupon  polished  amiheaa,  or 
on  bodies  having  naturally  smooth  and  uniform  aor&eaa,  it  ia 
thrown  off  in  a  regular  manner,  as  a  ball  rebounds  from  ft  faaid 
floor. 

If  a  ray  of  light,  8  A,  fig.  884,  falls  upon  a  polished  surfiMe,  B  C^ 
it  will  be  reflected  in  the  direction  A  R,  If  N  A  i»  drawn  perpea* 
dicular  to  B  C,  SA  N  will  be  the  angle  of  incidence,  and  NAM 
will  be  the  angle  of  reflection,  and  the  two  angles  will  be  equal 


What  important  objection  to  the  ondnlatory  theory  has  been  bmb- 
tiooedl  72a.  How  is  light  disposed  of  when  it  falls  upon  may  ma* 
terial  sabttaneeT  When  is  light  said  to  be  absorbed  t  What  lathe 
dispenioB  of  light  I  Wlut  occasions  the  dispersion  of  light  I  Whaa 
iaU^iiOaMt 
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The  lin«ti6fii,JV^il,  and  ^iZi  will  All  lit  In  the  tame  pUnt;  wehave 
therefore  the  following  mles :  884 

1st — The  ineidmi  ray,  the  perpendicu' 
lar  nttke  point  of  incidenet,  amd  the  re- 
flected ray,  are  all  eituated  in  tke  $ame 
plane. 

2d. — TheangU  of  incidence  and  tke  angle  of  reflection  a/e  equal. 

(d)  R^raction. — If  a  straight  rod  is  placed  obliquely,  partlj 
immersed  in  water,  it  appears  broken  or  bent  just  where  it  enters 
the  water.  If  a  coin,  a,  fig.  886,  is  placed  in  a  cup,  in  such  a  po- 
sition that  it  is  just  hidden  firom  view,  and  water  is  then  gentlj 
poured  into  the  cup,  the  coin  will  appear  to  be  lifted  up  and  wiU 
become  visible. 

Let  c  <2  be  the  turfi&ce  of  the  water,  the  ray,  a  h,\%wo  bent  or  re- 
fracted, at  the  surface  of  the  water,  885 
that  the  coin  appears  as  if  plaoed 
at  a'. 

This  bending  of  the  rays  at  the 
surface  of  any  transparent  medium 
is  called  refraction. 

Let  CB,  fig.  886,  be  the  surface  of 
water  in  a  vessel,  8  An  ray  of  light 
incident  at  A,  and  NAN'  the  per- 
pendicular, A  R  the  reflected  ray, 

and  A  T  the  dlreotion  of  the  ray  which  enters  the  water  and  is  re- 
fracted ;  then 

The  angle  SANib  called  the  angle  of  incidence  of  the  ray  S  A^ 
The  angle  N  A  R  is  called  the  angle  of  reflection,  which  Is  in  all  cases 
eqnal  to  the  angle  of  incidence.  The  line 
N  A  N,u  called  the  normal  The  angle 
T  A  N  \b  called  the  angle  of  refraction* 

If  we  take  ^  a,  fig.  887,  equal  to  ^  fr,  and 
draw  a  m  and  b  n,  each  perpendicular  to 
NAN,  tlien  am  is  the  «ifie  of  the  angle 
of  incidence,  and  6  n  is  the  eine  of  the  an- 
gle of  refraction,  and 

am 

ie  invariably  the  same  for  any  given  medi- 
um, whether  the  angle  of  incidence  is  in- 


886 


Mention  Uie  two  principal  laws  which  govern  the  reflection  of 
light  Explain  what  u  meant  by  refraction.  What  is  meant  by  the 
anffle  of  incidence  t  What  is  the  angle  of  refraction  t  What  is  the 
inaez  of  refraction  t  What  is  the  index  of  refraction  for  water  7— 
for  glass? — for  diamond! 
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miiilnltfiiil  iiinnt  Hii  iinirttiril  riMatettly 

thw  for  Vg^  piMriag  ftaa 
about  ^  for  1%^  fMri^ 
about  |,  cad  sbovllvlMB  Hffkt 
•irinto  dJOTwaff.    Thmn 
ffiire  tha  intat  of  NftMltai  i» 
out  of 
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Whan  H|^paii»f<  ftpm  .> 
wMwHmn,  it  ia  i«flactadlowvda<^peipaii|fieQkr  gir. 
irfaan  it  paaaea  from  a  denaa  to  a  nnr  madhm,  tt.ln 
from  tha  pacpendicular  or  noniiaL 

Tbe  00naral  lawof  tlienfractioiiqf  U^k  tfa^i  TfrlfW  flbl 
liiatfijitny,  eA«  ix/VaetMl  ra|r«  oiul  Ma jMfjp«aAoi4iar.Ct  Af  iv*, 
/irmgiimg  mtrfa^  at  the  point  ^  imMmm^  ICf  ifo  da 
pkm$;  and  iks  Hns  of  ik$  amgit  ^  imM$mo$ 

am 

hn 

in  the  same  medium^  to  the  tins  of  iihe  angle  qf  rqfiraetioA, 

726.  Theamoimtof  BgfatrofleotadfaioTaMnaiiUhtha  aafjacf 
inoldanoo. — When  light  fiUls  upon  a  trani^arent  madium  parpen 
dicular  to  its  surface,  nearly  all  the  light  entera  tha  madimi^ 
only  a  small  portion  is  reflected.    As  the  light  fidla  mom 
more  obliquely  upon  the  medium,  the  amount  of  li^t  rafraelad 
diminishes,  and  the  amount  reflected  increaaes. 

If  we  look  at  the  image  of  the  ami  in  water  at  midday,  and  agala 
near  tonaet,  we  shall  see  a  remarkable  differenee.  Near  aimaet  tha 
image  is  so  brilliaat^  the  eyes  can  scarcely  bear  to  look  at  it^  vhSla 
at*midday  we  obaerre  it  without  difficulty.  The  image  of  oljaeta  aft 
a  little  distance  are  seen  in  water  more  distinctly  than  the  images  af 
near  objects,  because  the  light  from  distant  objects  ialla  mora  ob* 
liquely  upon  the  water  and  a  greater  amount  is  reflected. 

737.  Xntamal  raflactio& — When  light  passes  through  a  tnuw- 

parent  medium,  a  portion  of  the  light  is  reflected  at  eadi  sur&eab 

In  fig.  888,  i6f  J  is  a  ray  of  light  incident  upon  the  first  snrlaee  of 

Slate  the  general  law  of  refraction.    726.  In  what  poaition  of  tha 
indldint  ray  is  the  greatest  amount  of  light  reflected  t    Why  doca 
the  imaj(e  of  tha  sna  seen  in  water  appear  brighter  when  it  is 
Iha  hm»M  than  at  midday  r 
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k  trucparant  madhmi.    A  portjon  ii  r«fl«atod  b  ^  £    A  Titibt 

refnolad  ray,  aod  7*  Ftba  emargent 

ray,  but  a  portioD  of  the  light  ii  reflaet-  888 

ed  at  tha  ceMod  Borboa  in  tha  dlraotion 

TA',  of  vhieha  part  emer^ai  in  Uia 

direotioD  A'  R,  and  a  part  ■nfTera  a  ■•. 

eood  refleotion  doTowaril  from  A',  and 

■  part  amergea,  and  another  portion 

■affenweoMaiTeiDtgrnal  rcflaoUon*  ba- 

fore  it  >•  either  loat  bj  abtorption  or 

finallj  tmergaa  on  one  or  the  othar  aide  of  tba  Diadinm. 

only  the  raya  A  B,T  V,  and  A  X,  have  (sffldent  intotaity  U 

viilbla  to  Uie  oaked  ey& 

72S.  Total  reflection. — When  light  passea  from  a  dense  to  k 
rarer  medium,  the  angle  of  re&action  is  greater  than  the  tn^e 
of  incidence,  and  when  the  angle  of  refiraction  is  S0°,  the  an^e 
of  incidence  ia  much  lesa.  For  vater  it  is  48*  8S',  for  ordinary 
glasa  it  is  41°  49',  consoquentlj  a  ray  of  light  traTorsiDg  watm 
or  glass  at  greater  angles  cannot  escape  into  the  air,  but  is  totally 
Ttfitettii,  obeying  the  ordinary  law  of  reflection.  The  propor- 
tion of  light  sufibring  internal  reflection  from  a  suriace  of  glass 
or  water,  coniitiintly  increases  from  the  perpendicular  to  the  point 
where  total  reflection  takes  place. 

Yig.  BBS  «how*  light  radiating  from  a  pdnt  below  the  luriaoa  of 
water  and  eacaping  into  tbe  air,  the  angle  of  880 

amargence  inareadag  much  faitcr  than  the 
angle  of  incidenoe,  till  the  light  emergea  par- 
allel to  the  BUrfkee  of  the  water,  after  which 
total  rcflectioD  take*  place. 

To  an  eye  phtced  below  the  eurftce  of  I 
the  water,  all  objects  abore  the  horizon  IT 
would  be  seen  within  an  angle  of  B7°  10',  or  double  the  angle  of 
total  reflection  for  water. 

720.  Umbm  and  FMrnmhra. — When  an  opaque  object  is  held 
in  a  pencil  of  light  proceeding  from  a  luminous  point,  as  »,  fig, 
Sao,  a  dark  and  well  dcQnod  shadow  is  produced,  which  inercaaea 


T3T.  What  Is  internal  reflecUont  728.  When  ia  light  totally  re- 
aect«d  r  What  are  the  angle*  of  total  refleotion  in  wat«r  and  glaaa 
reapectively  I  IlowdoeaiDlemal  reflection  differ  at  different  angleal 
What  ia  tbe  upnareiit  extent  of  tha  viailile  horlion,  to  an  eye  pUeed 
bvlow  the  aurbce  of  water  I  7S9.  EzpUin  the  temia  umbra  and 
pannmbra. 


us  omca. 

in  Biza  tt)  it  becomes  mora  distant.    The  dark  shadow  is  called  ta 

S90  umbra.     If  the  light  proceeds  frw  > 

I  luminous bodj,  hAviagaeensiblemag- 

I  nttude,  sa  A,  fig.  891,  besides  the  dut 

shsdow,  or  •umbra,  where  no  part  of  the  lumioous  bodj  is  niibl^ 

Ihera  will  be  a  much  broader  partial  shadoT  called  the  ^ 

G91  893 


where  a  part  onl^  of  the  luminouH  body  is  visible.  The  dnk- 
ness  of  the  penumbra  gradually  intreases  from  the  eztranae  har- 
der, which  is  too  fiunt  to  be  easily  seen,  to  the  umbra  cr  fbll 
shadow,  u  is  shown  in  a  section  of  the  shadow,  at  flg.  SM. 

780.  Images  prodac*d  by  lij^  tnui«nttt«d  throng^  null  ^ 
artnrei.— If  a  white  screen  is  placed  near  a  small  opening  in  s 
383  dark  chamber,  the  rays  of  light  which 

■  pass  through  the  opening  will  form 
]  the  screen  inverted  images  of  ti- 
1  tcmal  objects. 

It  will  be  seen  in  fig.  3ii3,  that  the 
rays  of  light  from  the  top  and  the  bottom  of  the  object  cross  each 
other  in  the  small  opening,  snd  thus  invert  the  imag&  If  tbe 
aperture  is  small,  the  image  will  be  formed  in  the  same  manner, 
whateyer  be  the  fonn  of  the  aperture.  But  if  the  opening  15 
large,  the  imago  will  be  indistinct,  or  entirely  disappears. 

731.  Inteiulty  of  light  at  difierent  dlitanoea. — The  intensity 
of  light  at  any  distance  from  a  luminous  body,  is  in  an  inveis* 
proportion  to  the  square  of  the  distance. 

Let  0.  fig.  394,  be  a  luminouii  point ;  at  1,  1,  plaoe  a  board  one 
foot  square;  it  will  tatX,  a  sliadow  ttuit  will  coriT  a  sjwce  two  ft^rt 
square  at  double  the  dietaoee,  Ihreo  feel  equarv  al  thm  timt*  tb< 
distance,  and  (our  fett  squnro  nt  four  times  (lie  distance.  The  aras 
■Bill  therefore  be.  ],  4.  a,  16,  ond  llie  intensity  of  Hip  light  at  tb« 
diataucea  1,  2,  a.  i,  will  tWnfore  be  in  the  pniportioiifof  l.i,  ^,  ^ 

I>  there  any  clrnr  line  cf  drmarkaciuu  bctn-i.-eii  the  iitiihru  nnd  pe- 
numbra J  (311.  How  lire  lin«("**  I>riiduccii  by  liglil  pitB^iiiK  through 
a  email  opening  ?     Why  is  the  image  invertvil !    7R1,  Wlmt  iitLe 
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783.  The  abiohita  intaiiitty  of  Uglit  from  any  luminous  ob- 
Ject,  will  be  equal  to  the  intensity  of  each  la-  894 

minous  point,  multiplied  by  the  number  of  hi- 
minous  points,  and  divided  by  the  square  of 
the  distance  from  the  luminous  object  at  which 
it  is  seen. 

A  given  surfiu^e  will  receive  the  greatest 
amount  of  light  when  placed  exactly  lacing  the 
luminous  olject,  or  when  at  rig^t  angles  to 
the  direction  of  the  rays.  The  amount  of 
light  received  will  diminish  in  proportion  as 
the  illuminated  surface  is  placed  inclined  to 
the  direction  of  the  rays. 

T8d.  Photometen  are  instruments  employed  to  measure  the 
comparative  intensity  of  different  lights.  The  principle  on  which 
they  are  constructed  is,  to  so  place  the  lights  that  they  will  illu- 
minate a  single  sur&ce,  or  two  adjacent  sur&oes,  with  equal  in- 
tensity. The  relative  intensities  of  the  two  lights  are  then  as  the 
square  of  their  distances  from  the  illuminated  surfitces. 

Bun9€n*B  Photometer  is  the  simplest  and  most  convenient  photom- 
eter yet  invented.  A  disk  of  paper  four  or  five  inches  in  .diameter, 
is  rendered  translucent  by  washing  it  with  paraffine  or  stearine,  dis- 
solved in  oil  of  turpentine  or  naphtha,  except  a  spot  about  an  inch  in 
diameter  at  the  centre.  When  this  disk  is  held  between  two  lights, 
at  a  point  where  their  intensity  is  unequal,  the  translucent  part  of 
the  paper  is  easily  distinguished  from  the  central  part,  but  when 
moved  to  a  point  where  the  two  Ughta  have  equal  intensity,  all  parts 
of  the  paper  have  a  uniform  appearance.  No  light  appears  to  shine 
through,  because  the  illnmination  ia  equal  on  both  sides.  By  means 
of  a  graduated  bar,  on  which  the  light  and  disk  are  mounted,  the 
difttance  of  each  light  from  the  paper  is  determined,  and  their  respec- 
tive intensities  are  calculated  on  the  principles  above  mentioned. 


KErLECnON  BT  SPECULA   AND  MIRKORS. 
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734.  Bflirrori  are  solid  bodies  bounded  by  regular  surfaces, 
highly  polished,  and  capable  of  reflecting  a  considerable  portion 
of  the  light  which  falls  upon  them. 


1 82.  What  is  said  of  the  absolute  intensity  of  light  t  In  what  posi- 
tion with  refi^ard  to  the  light  will  a  plane  surface  be  most  btrongly  illu- 
minated t  788.  What  are  photometerst  On  what  nrinciple  are  they 
coiiHtructed  t  DeMsribe  Bunpcn's  photometer,  and  the  method  of 
using  it    784.  What  are  mirrors! 
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tions,  D  F^  G  fffOf  the  mirror,  so  situated  with  respect  to  the 
898  eye  and  the  pomts,  If  JV;  that  the  angks  of 

"  incidence  and  reflection  will  be  equaL    If  the 

rays,  D  JS,  ^  ^  are  continued  backwaid, 
they  will  meet  at  m^  and  thegr  will  appear  Id 
the  eye  to  radiate  frran  that  point  Inthesaaa 
manner  the  rays  G  B^R  JS^  will  appear  to  la- 
diate  fix)m  n;  ayirtoal  hnage  of  the  olgeci 
will  therefore  he  formed  between  m  and  a. 
This  is  called  a  etr^a^  image,  because  it  ig 
not  formed  of  rays  of  light  actually  coming  from  the  poeitioo  of 
the  image,  hut  hy  rays  so  changed  in  their  direction^  that  thcj 
appear  to  the  eye  as  though  originating  from  an  object  aituaied  at 
fia  fH  behind  the  mirror. 

If  the  eye  is  moved  about,  the  image  remains  atatkuiaiy,  hence 
it  is  seen  by  means  of  rays  reflected  from  other  parts  of  the  nir 
ror.  Two  or  more  persons  may  see  the  image  at  the  same  *«■»• 
and  in  the  same  position,  but  by  different  rays  of  lighl 

The  position  of  the  image  behind  the  mirror  may  be  found  by 
drawing  lines  from  prominent  points  in  the  object,  perpendicular 
to  the  mirror,  extending  them  as  far  behind  the  mirror  as  the 
points  from  which  they  are  drawn  are  situated  before  it,  then 
uniting  the  extremities  of  the  lines,  the  outlines  of  the  image 
will  be  delineated  The  images  of  all  objects  seen  in  a  plane 
mirror  have  the  same  form  and  distance  from  the  mirror  as  the 
objects  themselves. 

789.  Images  multlpled  by  glass  mixrora. — Glass  mirrors  pit>- 
ducc  several  images.  This  may  be  readily  demonstrated  by 
looking  very  obliquely  at  the  image  of  a  candle  in  a  glass  mirror. 
The  first  image,  caused  by  partial  reflection  from  the  first  sur- 
face of  the  glass,  is  comparatively  faint  The  second  image  b 
formed  by  reflection  from  the  quicksilver,  which  covers  the 
second  surface,  and  is  very  clear  and  distinct 

When  rays  of  light  from  any  object  full  upon  the  flrst  aurfiice 


788.  How  are  images  formed  by  a  plnnc  mirror  t  What  is  meant 
by  a  virtual  image  t  How  can  the  position  of  the  image  formed  by 
a  plane  mirror  be  determined  t  At  what  distance  ia  the  iinni^e  funned 
by  a  plane  mirror  t  789.  Why  does  a  ^lass  mirrar  produce  more  than 
one  image  of  an  object  t  From  which  ^nrfnce  of  a  glass  mirror  duel 
the  greatest  amount  of  reflection  take  place  t 
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of  ft  plate  of  gUflfl,  MN,  fig.  899.  ft  portion  of  ihft  light  being  re* 
fleeted,  forms  the  first  immge,  ol  The  principftl 
part  of  the  light  penetrates  the  glass,  and  is  re- 
flected at  e,  by  the  sUvering  whieh  eoYers  the 
back  of  the  mirror,  and  coming  to  the  eye  in  the 
direction  d  H,  produces  the  image.  a\  at  a  dis- 
tance from  the  first  image  equal  to  twice  the 
thickness  of  the  glass^  This  image  is  mnch 
brighter  than  the  first,  because  the  metallio 
coating  of  the  mirror  reflects  a  greater  amount 
of  light  than  the  first  sorfiuse  of  the  glassi 

Other  images,  more  and  more  obscure,  are  formed  by  nys 
which  emerge  from  the  glass  after  successive  interior  reflections 
from  the  two  surfkces  of  the  glass.  As  this  multiplicity  of  im- 
ages diminishes  the  distinctness  of  vision,  metallic  reflectors  are 
often  employed  in  optical  instruments. 

740.  Imftgwi  repestod  by  Inclined  reflaotonk — When  an  object 
is  placed  between  two  mirrors,  which  make  with  each  other  an 
angle  of  90"  or  less,  several  images  are  produced,  varying  in 
numbers  according  to  the  inclination  of  the  mirrors.  If  they 
are  placed  perpendicular  to  each  other,  three  images  will  be  seen, 
situated  as  in  fig.  400. 

The  rays  0  O  and  0  D,  from  the  point  0.  form,  after  a  single  rt* 
flection,  one.  the  image.  (X,  the  other,  the  image  400 

O" ;  and  the  ray  0  A,  which  undergoes  two  re- 
flections at  A  and  B,  gives  a  third  image.  O"'. 
When  the  inclinations  of  mirrors  is  60"*.  five  im. 
ages  are  formed ;  and  when  they  are  placed  at 
an  angle  of  46°.  seven  images  are  produced. 
The  number  of  images  continue  to  increase  as 
the  inclination  of  the  mirrors  diminishes,  and 
when  the  mirrors  become  parallel,  the  number  j  y 
of  images  is  tk«9reticuUy  infinite,  but  as  some 
of  the  light  is  lost  at  every  reflection,  and  the  sucoesdve  images  ap- 
pear more  and  more  distant,  only  a  moderate  number  of  images  are 
visible. 

741.  Kaleidoioopft. — ^This  beautiful  toy  is  formed  by  placing 


Explun  fig.  899.  Why  is  a  glass  mirror  inferior  to  a  metallic  re* 
flector  T  740.  How  are  images  multiplied  by  two  inclined  mirrors? 
How  many  images  are  formed  by  two  plane  mirrors  inclined  to  each 
other  at  an  an^le  of  60°  f  At  46^  t  At  what  inclination  should  two 
plane  mirrors  be  placed  to  produce  the  greatest  number  of  images  of 
a  single  object? 


tiro aimi% inettiMd a*  tt«|^«r4i%iB 

at  one  «nd  lyf  pbm  i^MB,  tnd  at  IImi  ottv  liy 
lliittobfl^  batwufn  the  miirani  ■!•  flMMl 
oljMli^aocliMcolondi^MB,  tilled,  4b. 
oof«ndwffli  plain  g^aaa,  aarai  nMin  «C 
wjwmtib^iotHf  anaBKodL    On  movim^flM! 
Iba  poritkn  of  the  okjaeliH  «  aariai 
vlaofti  iitgfectlTi*y!fflWfnTlifMiaihla  tn  thnaa  Tffhn  i^ 
ttastrndnre  of  the  laalmMMnL    Hm 
■oopa  maj  ba  plawHi  at  otiiw  a&^aai 
ftrmt  monber  of  imagCB  of  otjaeta  withia. 
riS.  fiilMilj  of  nflaolad  HtfU;— Tha 
«f  ilia  Hi^  lefladadfagalarijr  by  a^f 
jftgiaa  of  polii&,  and  alaa  witti  tfaa  inkrgMiMJ  <C  gja 


V  wa  look  Twy  oUlqiMlj  ai  a 
hn  a  aondUb  aa  bnage  of  tha  flame  wmj  ba 
aaiiMa  of  tho  paptr,  but  tbo  Imago  A^^poava  whoB  Iha: 
upon  the  paper  noarer  to  the  peqMndleiilar. 

Different  subatances,  poUshed  witb  equal  oara^  dfUbr-ia 
power  of  reflecting  light    The  amount  oi  Hgjit 
also  upon  the  nature  of  the  medium  in  which  tha  roAoctkigbady 
is  placed.    Bodies  immersed  in  water  reflect  leaa  light  tfaaii  in  ab. 

743.  Lrregnlar  roflocttop^-Diflfbaed  Hi^iL— 
polished  surfiu^es,  which  follows  the  two  laws 
is  called  regular  reJUetion ;  but  only  a  part  of  tha  liglrt  ii  ra- 
fleeted  regularij  from  any  surfi^e,  when  the  reflacting  bodf  is 
more  dense  than  the  surrounding  mediom.  A  part  of  the  %bt 
is  scattered  in  aU  directions,  and  is  said  to  be  ifregmiairif  f^opfrf 
or  diffused.  This  is  the  portion  of  light  which  rendn  an  aljaet 
Tisible.  Light  regularly  reflected  gires  an  image  of  the  o^aet 
which  emiU  the  light,  while  light  irregularly  reflectod  gjrea  onlf 
an  image  .of  the  body  which  r^ets  it  When  a  mirror  bnooawa 
dim  by  the  accomidation  of  light  dust,  or  anything  whidb  tar* 
its  surflioe,  the  amount  of  regular  reflecti<m  diminUiMi 


94L  KEpkln  the  theory  of  the  kalridoaeoper    741  What 


iteiieeaafleet  the  iBtenti^  of  light  reflected  from  a  polUhod  aaribeat 

dw 


74a.  What  la  meant  by  lrr«golar  reflectiont    How  doea  Bgbt  n 
oUeotiTidlilet    What  effeet  Is  prodoeed  by  doai  aeoiminiaitod  as  a 
poyMdaorfMat 
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and  the  irregular  reflection  increasing,  all  parts  of  the  mirror  be- 
come distinctly  visible. 

744.  Oonoare  and  convsK  sphesloal  udiron^ — ^If  an  arc  of  a 
circle,  if  ^,  fig.  401,  is  miule  to  roTolye  around  a  line,  A  C  L^ 
drawn  through  its  centre  of  figure  A^  and  its  centre  of  curva- 
ture C^  it  will  generate  a  curved  sur&ce,  which  will  be  a  segment 
of  the  surfiuse  of  a  sphere.  Internally,  such  a  surfitce  is  called  a 
concave  mirror,  and  externally  a  convex  mirror.  The  line,  A  O^ 
is  called  the  principal  axis  of  the  mirror,  and  any  other  line 
drawn  through  the  centre  of  curvature,  (7,  is  called  a  secondary 
axis.    The  angle,  M  C  N  \a  401 

called  the  angular  aperture  of  x^ 
the  mirror.    A  section  made 
by  a  plane  passing  through  v{ 
the  principal  axis,  AC^\&  called 
the  principal  section,  or  a  me- 
ridional section. 

The  theory  of  reflection  from  curved  mirrors  is  easily  deduced 
from  the  laws  of  reflection  by  plane  mirrors.  Every  point  in  the 
curved  mirror  may  be  regarded  as  a  point  in  a  plane  mirror  so  situ* 
ated  that  its  perpendicnlar,  where  the  ray  of  light  falls  upon  it,  co- 
incides with  the  radios  of  the  carved  ndrror  at  that  point 

A  line  drawn  flrom  any  point  in  a  spherical  mirror  to  the  cen- 
tre of  curvature,  will  be  perpendicular  to  the  mirror  at  that  point, 
and  also  perpendicular  to  any  plane  mirror  touching  the  curved 
mirror  at  that  point 

745.  Fool  of  oono«v«  mlrronk — The  focus  of  a  curved  mirror 
is  the  point  towards  which  the  reflected  rays  converge. 

Parallel  rays  fidling  upon  a  concave  mirror,  fig.  401,  converge, 
after  reflection,  to  a  point  equi-distant  between  the  mirror  uid 
the  centre  of  the  sphere,  of  which  the  mirror  forms  a  part 
This  point  is  called  the  principal  focui, 

Rays  of  light  emanating  from  the  principal  focus  of  a  concave 
mirror,  will  be  reflected  parallel  to  each  other. 

744.  What  are  spherical  mirrors  T  Explain  the  difference  between 
concave  and  convex  mirrors.  What  is  the  principal  aids  of  a  mirror  t 
What  is  meant  by  the  principal  section  of  a  mirror  7  What  is  the 
perpendicular  to  a  spherical  mirror  ff  How  can  the  reflection  from 
curved  mirrors  be  explained  by  the  laws  of  reflection  from  plane 
ndrrorsf  746.  What  is  the  focus  of  a  concave  mirror  t  What  It  the 
principal  focus  of  a  eoncave  mirror  t 
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oeatre  of  earratnre  of  the  mirror,  JIf  if,  wo  pcvpMdtateii  fl« 
BoteorAtthoiOiKriiitU  ThB  ponjklraji^  JBT  J,  g  A/wlH  aa^ntn, 
aftor  rcdoetton,  to  the  point  Jl  It  is  oHd«it  fhafc  «h«  aM|b  il  n- 
fl«etbtii»  CZ>  P,for  uiy  rsy,  will  bo  oqnlfa  tiio  uigU  oTSd 
ti^i^C;  but  01  0(718  oqaal  to  J9  O^P,  wliUbioflM  alttrMti 
fttnoa  by  oHne,  D  0,  moottBg  two  pmlUI BB4Ji»  9 11^,  £  ji; 
biAotriiagle,  €  F  D,ih%miifm,  F  O  D  waA  PJf  C,^n^^^ 
tikrofbro  tho  rfd«^  (7P«iaFP»M««qtttL  Iftttpohrt^JI^^ 
aBy  gppffooohMtho pointy  it,  C^-t-JPAwfflillWiiliaiaaa 

aJU'tiUlhelrfamwinboMiHibly«q«ltoCitor<FilvHlte 

•qod  to  ono-btlf  of  O^il,  ftDd  tbo  ftwtis  of  pimllilt^% 

ftom  o  ooiMOTo  mirror,  will  be  equal  to  oao-lialf  Iba 

tare.    If  the  point  of  inddenoeb  A-retedee  from  X 

1^  tbe  pointy  J^.  win  gradoally  i^ppraaob  il,  or  tiwfiMal 

^mhtJA,    A  eoneoTe  ifdierieal  mimw  will  Ui^raCwa  fa^ 

parallel  raya  to  a  dn^  fboal  point  whan  the  AiaMlpr  of 

is  aoialL    Fraotieally  it  is  found  that  tlie  diaiiMtar  of  IIm  ujuw^ 

tba  angular  aperture,  MOW,  ahonld  not  oiieeed S  or  10  '^ 

Oat^ugate/oeui. — ^If  rays  of  light  fiUling  upon  a 
ror  diverge  from  a  point  beyond  the  principal  focaa,  tlury  wiD 
converge,  after  reflection,  to  a  point  between  the  principal  hem 
and  the  centre  of  ctirvature.  This  point  of  conTorgeuce  ia  oaDti 
the  conjugate  focus,  because  the  distance  of  the  radiant  pont 
and  the  focus  to  which  the  rays  converge,  after  reflectioiiy  limft 
mutual  relation  to  each  other. 

Let  rajs  diverging  from  a  point,  £,  fig:  402,  fall  upon  a  oc 
402  mirror,  the  angle  of  inei 

L  KO,  will  be  mailer  tbaa 
SKC,  the  angle  of  laeldeaae 
for  parallel  rays  fiUling  apoa 
the  mirror  at  the  same  polai 
The  angle  of  reflection,  CKt, 
will  also  be  smaller  than  OKF\ 
bonee  the  ray,  L  K,  will  be  so  reflected  as  to  cross  the  prlneipal 


How  are  rays  of  light  reflected  which  diverge  fhnn  the  prinefaMd 
Ibcns  of  a  concave  mirror  f  Explain  these  principles  by  relfretioeta 
flgnre  421.  What  is  the  angular  apertnre  of  a  concave  minort 
What  is  meant  by  a  eonjngate  focus  of  a  concave  minor!  When 
ahoald  the  radiant  point  be  placed  to  have  all  the  rays  fidl  perpaa- 
dienlaily  vpona  eoaeave  mirror?  Where  is  the  co^ngate  maa 
when  toe  ladlaat  point  ia  between  the  centre  of  curvature  and  tfco 
prineipal  foeost 
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at  a  point,  l,  between  F,  the  principal  foeos,  and  C,  the  centre  of 
curvature  of  the  mirror. 

If  the  luminous  point  is  romoved  to  l^  the  reflected  rajs  will 
meet  at  Z.  If  the  luminous  point  is  placed  at  the  centre  of  cur- 
vature, Cy  all  the  rays  will  fidl  perpendicularly  upon  the  mirror, 
and  be  reflected  back  to  the  point  6>  firom  whence  they  came. 

If  the  luminous  point  is  situated  between  the  centre  of  cur- 
vature and  the  principal  focus,  the  conjugate  focus  will  be  re- 
moved beyond  the  centre  of  curvature,  and  become  more  and 
more  distant  as  the  luminous  point  approaches  the  principal  focus. 
When  the  luminous  point  arrives  at  the  principal  focus,  the  con- 
jugate focus  will  be  removed  to  an  infinite  distance,  or,  in  other 
words,  the  reflected  rays  will  become  parallel.  While  the  radiant 
point  has  removed  from  ^  to  i^,  the  conjugate  focus  has  removed 
from  {7,  to  an  infinite  distance. 

Virtual/ocui. — If  the  radiant  point  passes  from  the  principal 
focus,  Fy  towards  the 
mirror,  as  in  fig.  403,  it 
is  evident  that  the  re- 
flected rays  will  di- 
verge, as  though  ema- 
nating from  a  point  2, 
behind  the  mirror,  called  the  virtual  facu$. 

When  the  radiant  point  is  near  the  principal  focus,  between  it 
and  the  mirror,  the  virtual  focus  of  the  divergent  reflected  rays 
will  be  at  a  very  great  distance.  As  the  radiant  point  continues 
to  approach  the  mirror,  the  virtual  focus  also  approaches  it. 
While  the  radiant  point  passes  from  the  principal  focus  to  the 
mirror,  the  conjugate  virtual  focus,  or  point  from  which  the  r^ 
fleeted  rays  appear  to  diverge,  passes  from  an  infinite  distance  be- 
hind the  mirror,  to  the  surface  of  the  mirror,  or  to  the  radiant 
point  itself. 

746.  Secondary  woMg, — Oblique  pencils. — K  the  luminous 
point,  Z,  fig.  404,  is  not  situated  in  the  principal  axis  of  the  mir- 
ror, a  line  drawn  from  the  radiant  point  through  the  centre  of 
curvature,  b&  L  0  B^  will  constitute  a  secondary  axii,  and  the 
focus  of  the  oblique  pencil  of  rays  diverging  from  Z,  will  be 

Where  is  the  conjuffate  focus  when  the  luminous  point  is  in  the 

Sriocipal  focus  t  Ezpiidn  the  use  of  the  term  virtual  focusw  How 
DCS  tnc  position  of  the  virtual  foous  vary  with  the  movement  of  the 
radiant  point?  746.  What  are  the  secondary  azest  How  arethe 
^ooi  of  ooUque  pencils  determined! 
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found  in  this  secondary  axis.  In  the  same  manner  we  may  draw 
secondary  axes,  and  determine  the  foci,  whether  real  or  Tirtoal, 
for  any  numher  of  points  in  a  luminous  object. 

747.  Rule  for  coi^iagate  foci  of  oonoave  minronk — Multiplf 
the  distance  of  the  radiant  point  from  the  mirror^  hy  the  radiws 
^  curvature,  and  divide  thie  product  by  twice  the  distance  rf 
the  radiant  pointy  minus  the  radius  of  curvature  of  the  mirror, 
and  the  quotient  will  he  the  conjugate  focus  required. 

If  the  quotient  giren  by  this  rale  is  negatiye,  or  if  twice  the  dii- 
tanoe  of  the  radiant  point  is  less  than  the  radius  of  curvmtimi,  tlie 
conjugate  foous  will  be  a  virtual  focus  behind  the  mirror,  and  the  re- 
flected rays  will  diverge. 

748.  Convex  reflectors. — ^The  effects  attending  the  reflection  of 
diverging,  converging,  or  parallel  rays  of  light  by  conrez  re- 
flectors, are,  in  general,  the  opposite  of  the  effects  produced  by 
concave  reflectors.  The  foci  of  paraUd  and  diverging  rays  of 
light,  reflected  by  a  convex  reflector,  are  at  the  same  distance  as 
for  concave  mirrors,  but  they  are  situated  behind  the  refleolor, 
and  are,  hence,  only  virtual  foci.  Light  converging  towards  any 
point  behind  a  convex  mirror,  more  distant  than  the  principal 
focus,  or  focus  of  parallel  rays,  will  diverge,  after  reflection,  from 
a  virtual  focus  nearer  than  the  principal  focus.  Rays  converging 
toward  the  principal,  virtual  focus,  will  be  reflected  parallel ;  but 
rays  converging  towards  a  point  nearer  to  the  mirror  than  the 
principal  focus,  will  be  reflected  to  a  real  focus  in  front  of  the 
convex  reflector.     These  phenomena  will  be  readily  understood 

405  by  an  examination  of  fig. 

405.  The  ray  ^  /,  is  re- 
flected in  the  direction 
^:::^;^  F  IM;  L  E,\s  reflected 
in  the  direction  I E  (r,  and 
reciprocally  ^  ^  is  re- 
flected in  the  direction  G 
Z,   and  M I  in  the  direction  /  S. 

749.  Images  formed  by  concave  mirrors.— The  principles  al- 
ready explained  enable  us  to  understand  the  formation  of  images 
by  concave  mirrors.     Let  A  B,  fig.  406,  represent  an  object  placed 
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747.  State  the  rule  for  determining  the  conjugate  focus  of  a  con- 
cave mirror  when  the  position  of  the  radiant  point  is  known.  When 
is  the  conjugate  focus  real,  and  when  ii^  it  only  virtual  f  74ft.  How 
does  the  action  of  convex  reflectors  differ  from  concave  reflectors t 
Where  is  the  principal  focus  of  a  convex  mirror  \    Explain  fig.  405. 
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before  a  concare  mirror,  beyond  its  centre  of  corvatore.  The 
lines,  A   O  tmdB  G,  406 

drawn  through  the  cen- 
tre of  curvature  firom 
the  extremities  of  the 
object,  are  the  secon- 
dary axes  in  which  the 

extremities  of  the  image,  a  h,  will  be  formed,  at  a  disUnce  from 
the  mirror  equal  to  the  conjugate  foci  for  the  extreme  points  of 
the  object  This  image  is  real,  inverted,  smaller  than  the  object^ 
and  placed  between  the  centre  of  curvature  and  the  principal 

focus. 

If  a  6  is  regarded  as  the  object,  placed  between  the  centre  of 
curvature  and  the  principal  focus,  an  enlarged  image  will  be 
formed  &t  A  R  If  the  object  is  placed  at  the  principal  focus,  no 
image  will  be  formed,  because  the  rays  from  each  point  of  the 
object  will  be  reflected  parallel  to  an  axis  drawn  through  the 
centre  of  curvature  from  the  pointe  where  they  originate. 

If  the  object  is  placed  entirely  407 

On  one  side  of  the  principal  axis,  >[. 
as  in  fig.  407,  it  is  evident  that  its   I 
image  will  be  formed  on  the  oppo- 
site side  of  the  principal  axis. 

750.  Virtual  images.~-If  the  object,  A  B,  fig.  408,  is  plac«d 
between  the  mirror  and  the  principal  focus,  the  incident  raya^ 
A  D,  A  K,  take,  after  reflection,  the  directions,  D  I,  K  H,  and 
their  prolongations  backward,  form  at  408 

a,  a  virtual  image  of  the  point  A,  In 
the  same  manner  the  image  of  B  is 
formed  at  5,  so  that  the  image  of  A  B 
is  seen  at  a  b.  The  image,  in  this  case, 
is  a  virtual  image,  erect,  and  larger  {* 
than  the  object 

From  the  preceding  illustrations,  it  is  evident,  that,  when  an 
object  is  placed  before  a  concave  mirror,  more  distant  than  the 
centre  of  curvature,  the  image  is  real,  but  inverted,  and  smaller 
than  the  object ;  as  the  object  ^>proaches  the  centre  of  curvature^ 

749.  Explain  the  formation  of  imagee  by  concave  mirrors.  Why 
U  the  image  formed  by  a  concave  mirror  inverted  f  760.  What  m 
meant  by  a  virtual  image  f  When  is  the  Image  smaller,  and  when  is 
it  larger  than  the  object  f  Is  a  virtual  Image  formed  by  a  concave 
mirror  erect»  or  la  it  Invertedt 
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with  it ;  when  the  ols)ect  approacheB  nearer  to  the  ndinr  1m« 
the  centre  of  curvature,  the  image  becomes  larger  tiMtti  flioob* 
Ject|  and  mwe  distant  from  the  mirrar.  When  tho  dijactairiwi 
at  the  principal  focua^  the  image  beoomea  infinitely  dtalHi^  vi 
diaappears  entirely :  wlien  the  dject  approadMB  nearer  to  the 
mirror  than  the  principal  focoa,  an  erect  Tirtwil  imager  Uimm 
than  the  object,  appears  behind  the  mirror. 

7^1.  FonnetiMi  of  iniagea  by  oonveK  mfaicnb— Lot  AM,§g, 
4M,.be  an  object  placed  before  a  oonrex  mirrar,  at  anj  ^^hrtinrir 
409  whatever.    IT  we  draw  the  anfwndiiy 

axes,  A  O^B  0,  it  followa^  flrom  wlat 
haa  been  said  (748)  oonoendng  tifts  can- 
stmction  of  fod  in  eanveaL  nirrai% 

that  all  the  laya  emitted  ftmn  tliepoiBl^ 
A^  diverge  after  reflection,  and  that  their  prriongationa  bathnnrd 
converge  to  a  point,  a,  which  is  a  virtual  image  of  the  pointy  A 
In  the  same  manner,  rays  emitted  ftxnn  the  point,  J^  ftnn  a  iir> 

tual  image  of  that  point  in  b. 

Whatever  may  be  the  position  of  an  object  befbre  a  convex 
mirror,  the  image  is  always  formed  behind  the  mirror,  erect  and 
smaller  than  the  object 

752.  Oeneral  rule  for  constructing  images  fearaaed  by  adirora 
To  construct  the  image  of  a  point ;  1.  Draw  a  mcondarf 
J^om  that  point;  2.   Talcefram  the  git  en  point  any  ineideni 
whatever  ;  8.  Join  the  point  of  incidence  and  ths  centre  ^mr- 
vature  of  the  mirror  by  a  right  line;  thie  will  he  the  perpen- 
dicular at  that  pointy  and  will  show  the  angle  ttf  incidence; 
4.  Draw  from  the  point  of  incidence^  on  the  other  eide  ^  the 
perpendicular^  a  right  line,  which  ehall  make  with  it  an  mnfU 
equal  to  the  angle  of  incidence.     Tltis  laet  line  repreeente  the 
reflected  ray,  which  being  prolonged  till  it  croeece  the  eeeondmrf 
axis,  determines  the  place  where  the  image  of  the  giten  point  tf 
formed,    5.  Determine  the  position  of  any  other  potht  in  the  #^ 
Jeet  in  the  same  manner, 

768.  Spherical  abefFation  of  mirrors. — Oauslloa. — ^The  raja 
flrem  any  point  of  an  object,  placed  before  a  spherical  mimr, 
concave,  or  convex,  do  not  converge  sensibly  to  a  single  pointi 

761.  What  kind  of  images  are  formed  l>y  concave  mirrors  T  How 
does  the  dte  of  an  image  formed  by  a  convex  mirror  compare  with 
the  dae  of  theHlal  object  T  762.  I^escribe  the  method  of  oonstmei- 
ing  the  liMge  of  aa  oqjeet  placed  before  a  onrved  mirror. 


Ul 

onlwB  th&qwrtare  <rf  ths  mirror  is  limited  to  8°  or  10°.  trthe 
aperture  of  the  mirror  is  larger  thui  this,  the  raya  reflected  firom 
the  bordeia  of  the  mirror  meet  the  ezis  neirer  to  the  minor 
then  those  which  are  reflected  from  portione  of  the  mirror  Tery 
near  to  the  centre.  There  results,  therefore,  ■  want  of  cleer- 
ness  or  distinctness  in  the  imi^^e  which  is  designated  tph«rieat 
aberration  by  reflection. 

The  reflected  T%jt  croea  each  other  sue-  410 

ceesivelj,  two  and  two,  and  their  pointe  of  ■ 
intersection  form  in  space  a  brilliant  sur&ce, 
caUedaeaufftebyrefleiion,  curving  towards  I 
the  axis,  as  shown  in  fig.  410,  where  Cis  the  I 
centre  of  curvature,  F  the  principal  focus,  f 
and  d  the  centre  of  figure.  The  cnrre  I 
formed  hj  the  intersections  of  succeesiTe  I 
njB,  is  called  a  eauttie  fry  nj/Uatiot^ 
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7S4.   PriiHa  and  koeae,  are  bodies  baring  certain  regular 
fbrnia,  sectiens  of  which  are  shown  in  fig.  411. 

A  priem  is  a  solid  baring  three  or  more  plane  fitOM,  rariously 
inclined   to  each   other,  as  411 

shown  at^il,  fig.  411.  Tbeai 
gle formed  bjthe&ces,  A  R, 
A  S,  ia  the  refracting  angle 
oftheprism.    Forsomepur-  ' 
poses  priems  are  used  having  more  than  three  plane  faces. 

A  plane  gUu*,  B,'a\  plat«  of  glasa  haring  two  plane  EurboM 
parallel  to  each  other. 

A  fpAere,  sljown  in  section  at  C,  baa  all  parts  of  its  Burftee 
equally  distant  ttom  a  certain  point  within,  called  the  centre. 

A  doubla  eraeee  Unt,  jD,  ie  a  solid  bounded  by  two  convex 
■ur&ces,  which  are  generally  spherical. 

A  plant)  emwix  Imt,  B,  has  one  of  its  surftces  plane,  and  the 
the  other  convex. 

A  double  eotutne  l*n*,  F,  has  two  concave  sur&ces  opposite  to 
each  other. 


1S8.    What  ii 


by  .         . 

What  UtharaBcclInganglef    Whatbajdai 
■pherel     What  li  a  donble  oooeaT*  |«iu| 


bv  q>herieal  aberration  of  mlironF    How 
«d  by  rcflectloDf    764.  What  lia  priamt 


%    liUlb!V«r.JMfIB 


Ihit^rrfn^ 


^  to 
Ti  in5t  414.     If  tt* 


A^  from  vhidi  tbej 
iknTft  fruB  E  poi&t 


I  a  pccse  ccsRT  to 
rajs.  <;  /#.  *.*  />.  are 

$.  Dcarer  to  the  ^iu»  than 
vhne  rars  in  the 
dxfta&t  than  tbeir  real 


icAT*  lea*  I     ^liat  U  a  iiMumt  I 
P     la  tratin^  'jf  Irsjtes  vhy  »  it  only 

it     TU.  How  Art  |«rallel  nrt  of  Mift 

oUlqaelT  throagh   plane  cUmI      What 

rare  imdcrfo'l     flow  dbce  Iba  depth  of 
vitii  iii  real  depth  I 
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Oh^ects  seea  in  water  will  therefore  appear  to  the  observer 
nearer  than  they  really  are.    Water  is  about  418 

one-third  deeper  than  it  appears  to  be  when  the 
observer  looks  down  into  it,  the  bottom  ap- 
pearing to  be  raised  up.  To  an  observer  look- 
ing from  a  dense  to  a  rarer  medium,  objects  ap- 
pear more  distant  than  they  really  are. 

Converging  rays,  transmitted  through  a  plane  ^ass,  or  other 
dense  medium  bounded  by  parallel  surfitoee,  will,  for  the  same 
reason,  converge  to  a  point  more  distant  than  if  the  dense  me- 
dium were  not  interposed. 

This  will  be  evident  by  tracing  the  rays,  D  C^jy  O^  fig.  418, 
in  the  opposite  direction  from  what  we  have  previously  con- 
sidered. 

756.  Refraction  by  prisms. — If  a  ray  of  lights  I  n,  fig.  414^ 
falls  obliquely  upon  a  transparent  medium,  whose  opposite  plane 


414 


faces  are  not  parallel,  the  ray  will  be  re- 
fracted at  the  first  surface,  and  take  a  di- 
rection nearer  to  the  perpendicular.  Now 
if  the  position  of  the  incident  ray,  and  the 
inclination  of  the  jfaoes  of  the  medium,  are 
as  shown  in  the  figure,  it  is  obvious  that 
the  emergent  ray,  n'  l\  will  be  turned  still 
further  from  its  original  direction.  It  is 
evident  that  any  other  position  of  the 
second  refracting  surface  would  cause  a 
corresponding  alteration  in  the  direction  of  the  emergent  ray. 

Let  fl  6  c,  fig  415,  be  a  section  of  a  triangular  priran,  Z  a,  a  ray  of 
light  incident  at  f»,  0  n  «,  the  perpendicular  at  415 

that  point,  n  n'  will  be  the  course  of  the  ray 
of  light  through  the  pritun,  and  v!  i  the  emer* 
gent  ray.  If  the  prism  is  more  dense  than  the 
surrounding  medium,  the  light  will  enter  the 
prism,  whatever  may  be  the  angle  of  incidence, 
but  if  the  angle  of  incidence,  I  n  0,  diminishes,  then  the  ray,  n  n*, 
will  fall  more  and  more  obliquely  upon  the  second  surface  of  the 
))ridm,  till  it  arrives  at  an  indication  where  it  will  suffer  total  inter* 
nal  refle<;tion. 


How  do  objects  appear  when  seen  through  a  medium  less  dense 
than  that  where  the  eye  is  placed?  How  does  a  piano  glass  affect 
converging  rayst  756.  How  is  a  ray  of  light  changed  by  transmit* 
siou  throu^li  a  dense  medium  bounded  by  sm'faoes  not  parallel  f 
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If  the  incident  ray,  I  n,  fig.  416;  &11s  npon  the  prism  at  simIi  an  angle, 
416  that,  after  refraction,  it  takes  the  direction,  *  ■'. 

parallel  to  a  c,  the  base  of  the  prisni,  the  an^fks 
at  -which  it  enters  and  leaves  the  prism,  vill  b« 
equal,  and  the  deviation  of  the  emergent  nv 
from  the  course  of  the  incideut  ray,  will  be  the 
least  possible.  The  ray,  /'  a,  will  emerge  in  the 
direction  m  p',  and  I"  n  will  emerge  in  the  direction  o  p",  each  deri- 
ating  more  from  the  direction  of  the  incident  ray  than  m'  p  deviatea 

If  a  candle  is  viewed  through  a  triangular  prism,  on  slowly 
turning  the  prism  about  its  axis,  a  certain  position  will  be  found 
where  the  apparent  position  of  the  candle  differs  least  fixnn  its 
real  position.  In  whichever  direction  the  prism  is  now  tnnied, 
the  difference  between  the  real  and  apparent  position  of  the 
candle  increases. 

757.  Method  of  determining  the  index  of  refraoUoa* — ^Let 
I  nn'  p^  fig.  417,  be  the  direction  of  the  ray  of  light  when  the 

deviation  caused  by  the  prism  is  a  Tninimi^m. 
Draw  h  h  parallel  to  the  incident  ray,  /  «, 
and  r  b  0  parallel  to  the  emergent  ray,  #•'  p. 
Let  D  =  h  b  Vy  the  entire  deviation  caused 
by  the  prism ;  d  =  h  h  n^  the  complement 
of  the  angle  of  incidence ;  g  z=  a  b  c^  the 
refracting  angle  of  the  prism  ;  q  =  u  h  o  =  r  n'  />,  the  comple- 
ment of  the  Jingle  of  emergence.  In  this  case  the  angles  of  in- 
cidence and  emergence  are  equal,  hence  d  =  q  =  90^ — /,  /  being 
the  angle  of  incidence,  IJ  =  180'  —  d  —  fj — q  ;  substituting  in 
this  efjuation  the  values  of  ^7  and  y,  we  have  IJ  =  2  i  — ;;, 
and  /  =  A  (/>  -|-  (j).  liCt  X  and  ?/,  as  in  lig.  415,  represent  the 
angles  formed  with  the  perpendiculars  by  the  niy  traversing  the 
prism,  J  -f-  ?/  =  ^7,  and  when  the  angles  of  inciciencc  and  emer- 
gence are  equal,  x  =  y.  If  n  equals  the  index  of  refraction,  we 
shall  have, 


n  = 


sm.  I 
sin.  X 


or   n   =^'"l.^^^^.^). 
sm.  i  (J 


Now  when  the  angle  of  minimum  deviation  and  the  reflectinj^ 
angle  of  the  prism  are  measured,  this  formula  enables  us  at  once 


Can  li^ht  be  transmitted  throiii:li  a  f>ri-iii  at  all  Mn;:l»»i(  ?  Whv 
not?  When  is  the  deviation  raim«-^l  l»y  a  j>ii  in  a  mininiuin  ?  I^j. 
How  mav  the  index  of  refraction  !>«  juucticallv  Mottnnined  ? 
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CO  determine  the  index  of  refraction.    In  this  manner  the  index 
of  refraction  of  any  substance  is  easilj  determined. 

758.  Ll^  paaaing  through  parallel  strata  of  difbrent  media. 
If  a  ray  of  light  passes  through  a  dense  me-  418 

dium,  bounded  bj  parallel  surfaces,  and  then 
enters  another  medium  still  more  dense,  it 
will  undergo  still  further  refraction  by  the  se- 
cond medium,  as  shown  by  the  ray,  iob  ah, 
fig.  41 8.  If  the  second  medium  is  also  bound- 
ed by  parallel  &ces,  the  emergent  ray,  a  A, 
will  be  parallel  to  the  incident  ray. 

759.  A  doable  ooorez  lens  may  be  regared  as  composed  of  a 
number  of  segments  of  prisms,  the  hces  of  each  prism  more  in- 
clined as  we  proceed  from  the  centre  to  the  borders  of  the  lens, 
as  shown  in  fig.  419.  419 

The  central  portion, 
abed,  may  be  re- 
garded as  a  plane, 
glass,  having  its  fa- 
ces, a  c,  b  d,  paral- 
lel, a  g  fb  has  its 
face,  a  g,  inclined  towards  fb,  and  the  triangular  prism,  ghf^ 
has  its  sides  still  more  inclined.  Now  since  the  deviation  of  any 
ray  passing  through  a  prism  increases  as  the  inclination  of  tha 
two  faces  of  the  prism  increases,  %  I  will  deviate  more  than  %  i^ 
and  if  the  form  of  each  prism  is  properly  adjusted  to  its  distance 
from  the  axis,  M  N,  the  rays,  %  I  and  «  i,  or  any  number  of  rays, 
may  be  made  to  meet  at  a  common  point,  R,  in  the  axis  M  N, 

If  the  segments  of  prisms,  of  which  we  suppose  such  a  lens 
to  be  composed,  are  made  sufficiently  small,  so  that  each  fiu:e 
shall  receive  but  a  single  ray  of  light,  the  sides  of  the  successive 
prisms  will  form  a  regular  curve,  which,  if  the  lens  be  of  small 
diameter,  will  correspond  almost  exactly  with  a  segment  of  a 
sphere. 

On  account  of  the  impoflaibility  of  grinding  lenfles  of  any  other 
form  with  Bufficient  accuracy  for  .scientific  purposes,  all  lensefl  are 
made  with  either  spherical  or  plane  surfacee. 


75ft.  Deforibe  the  effect  of  parallel  strata  of  different  media. 
759.  To  wliat  may  the  form  of  a  doable  convex  lens  be  compared  t 
What  is  the  axis  of  a  lenst  What  are  spherical  lenses  t  Why  are 
only  spherical  lenses  used  1 

20» 


4M 

In  tMUng  of  lensMin  thofoIlowiDg  pftffe^  we  AtSi  ., 
mftde  of  gkMswhota  index  of  refrMlimLU  one  and*  halt  ThoiBght 
TvlntionB  from  the  reialts  hen  giycn,  enined  by  iidng  m^Smd 
other  rcfrndiTe  power,  een  only  be  ^lomiad  m  moM  einbonle ' 


l\mrfl0{  fwy<  of  light  fiUling  uiKm  a  ooima  Iflni^  ^  4  llg.  411^ 
win  be  x«frtotodto  some  point,  as  j;  on  the  oUmt  tide  of  Ai 

420  Ins*     The  dblMiee  ff 

tliefocD8|  jPJ  flmtte 
lens,  will  depend  nyoB 
tlie  amount  of 
tim^ 


flie  refricthre  powor  of  the  sabstuioe^  of  which  the  low  ii  eooii- 
poeed.    If  the  two  surfiuses  (^the  lemi  beTe  the  same  curtaluw^ 


and  the  index  (^  refractkyn,  as  for  ordinazy  glaaSi  is  one  and  ahil( 
the  focos  of  parallel  rays,  called  tiie  ]^neip€UJhc^  wiD  be 
at  a  distance  ilrom  tiie  lens  equal  to  the  radifu  ^  etuntmimnd 
either  soi&oe  of  the  lens. 

Diverging  rays. — ^If  the  rays  falling  upon  the  lens  come  tnm 
a  point,  ^  at  a  distance  from  the  lens  equal  to  twice  the  principil 
focus,  they  will  converge  to  a  point,  >S^  at  an  equal  distance  on 
the  other  side  of  the  lens. 

It  will  be  easily  seen  from  the  figure,  that  the  angl^  X  and  Z,  are 
equal  to  each  other,  (being  the  alternate  angles  formed  by  the 
straight  line,  JR  A,  meeting  two  parallel  lines,)  snd  also  that  the  an- 
gles, X  and  O,  are  equal.  In  the  triangle,  ASF,  the  sidee,  PA  and 
F8,  are  equal,  hence  the  angles,  O  and  y,  are  eqiml,  and  y  equal*  t, 
therefore  if  the  incident  ray  is  bent  inward  to  a  distance  represented 
by  the  angle,  Z,  the  refracted  ray  must  be  bent  outward  by  an  equal 
angle,  y,  by  which  means  the  radiant  point  is  removed  from  F,  the 
principal  focus  of  parallel  rays,  to  8,  which  is  at  double  the  dis- 
tance of  P. 

421 


If  the  radiant  point  is  taken  more  distant  than  7?,  as  at  1^  fig. 


What  is  the  index  of  refraction  of  common  glass  T  On  what  does 
the  length  of  the  focus  of  a  lens  depend  t  What  is  meant  by  the 
prineipai  focus  of  a  lens  1  At  what  distance  is  the  principal  focus  of 
a  doable  eoaTez  lens  T  Explain  the  action  of  a  lens  upon  diverging 
rayat 
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421,  the  conjugate  focus  will  be  removed  from  S,  to  some  point, 
T,  between  S  and  the  principal  focus. 

K  rays  of  light  falling  upon  the  lens,  A  B,  fig.  422,  converge 
towards  a  point,  F,  before  re-  422 

fraction,  thej  will  converge,  after 
refraction,  towards  a  point,  T, 
between  the  principal  focus,  F^ 
and  the  lens.  Conversely,  if 
rays  of  light  diverge  from  a  point, 
T,  between  the  lens  and  its  principal  forms,  they  will  'diverge 
after  passing  through  the  lens,  fit>m  a  virtual  focus,  F,  more  dis- 
tant than  the  principal  focus. 

760.  Piano  convex  lenses. — ^The  action  of  a  piano  convex 
lens  is  in  general  the  same  as  that  of  the  double  convex  lens, 
but  its  foci  are  at  double  the  distance,  the  principal  focus  being  at 
a  distance  equal  to  twice  the  radius  of  the  curved  surface. 

761.  Oonoave  lenses. — A  concave  lens  produces,  upon  rays  of 
light  transmitted  through  it,  an  effect  the  opposite  of  that  pro- 
duced by  a  convex  lens. 

Parallel  rayi  of  light,  transmitted  through  a  double  concave 
lens,  diverge  from  a  virtual  focus  in  428 

front  of  the  lens,  as  shown  in  fig.  443 ; 
the  virtual  focus  being  at  the  centre  of 
the  sphere  of  which  the  first  surface 
forms  a  part  This  is  its  principal 
focus. 

Diverging  raye. — If  the  radiant  point  is  more  distant  than  the 
principal  focus,  as  at  B^  fig.  424,  the  virtual  conjugate  focus,  A^ 
will  be  between  the  principal  focus,  424 

Fy  and  the  sur&ce  of  the  lens,  and 
the  rays  will  diverge  after  refrac- 
tion. 

Converging  raye^  transmitted  through  a  concave  lens,  will  be 
rendered  less  convergent,  parallel,  or  divergent,  depending  upon 
the  distance  of  the  point  towards  which  they  converge  before 
entering  the  lens. 

762.  Rules  for  detannining  the  fool  of  lenses. — When  lenses 


If  the  radiant  point  it  more  distant  than  the  principal  focus  where 
will  the  conjugate  focus  be  situated  t  What  is  the  action  of  a  convex 
lens  on  converging  raysff  760.  Where  is  the  principal  focus  of  a 
piano  convex  lens  1  761.  What  is  the  effect  of  a  concave  leas  upon 
parallel  rays  7    On  diverging  rays?    On  converging  rajrsi 
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are  made  of  gltss  whose  refiractiTe  index  is  one  and  m  haH  their 
foci  may  be  detenmned  by  the  following  mlcs : 

RULE  FOR  THE  PRINCIPAL  FOCUS. 

Divide  ticiee  the  product  of  the  radii  by  their  di/Terenee/fr 
the  menieeue  and  eoncaro  contex  lensee,  and  by  their  eum  /irr 
the  double  convex  and  double  concave  lenaei.  The  quotient  rtS 
give  the  focuefor  parallel  raye.  The  focus  ^parallel  raye,  or 
principal  focus,  of  the  piano  convex  or  plane  eoneaee  lene^  « 
douhU'the  radius  of  curvature. 

BULB  FOR  THE  CONJUGATE  FOCUS,  WHEN  THE   FOCUS   OW  THB  INO- 

DENT  RATS  IS  GIVBN. 

Multiply  the  length  of  the  principal  focus  by  the  focus  qf  ike 
incident  rays,  and  divide  the  product  by  the  difference  between 
the  principal  focus  and  the  focus  qf  incident  rays^  and  the  que- 
tient  will  be  equal  to  the  conjugate  focus. 

If  the  distance  of  the  focns  of  incident  r83r8  is  lev  than  the  pria* 
cipal  focuB,  the  value  of  the  conjugate  focus  will  be  poaitive,  and  it 
will  He  on  the  same  side  of  the  lens  as  the  focus  of  incident  nv$; 
but  if  the  value  of  the  focus  of  incident  r&ys  is  greater  than  theprin- 
cii>rtl  f*>out*,  the  value  of  the  conjugate  focus  will  be  negative,  and  the 
f*H'Us*  of  refracted  niys  will  lie  on  the  other  side  of  the  len^ 

7(>X  Combined  lenses. — If  two  convex  lenses,  A  A,  £  B^  sit 
platvd  near  tojjothcr,  as  in  fig.  425,  their  combined  focus  will  be 
shorter  than  that  of  either  lens  used  above. 

l.ei  /  he  the  length  of  the  principal  focus  of  the  lens  A  A,  and/ 
4'2r>  the  focus  of  the  lens  B  B,  and  • 

the  distance  between  the  two 
lenses  and  /",  the  distance  of  the 
combined  focus  from  the  secood 

Umi!»  ;  then, 

/'    -/fZ-n) 

f-hf—n 
If  the  diManoo  Wtween  the  lenses  is  nothing,  then, 

/'  =  T—^-- —  =     the  focus  of  parallel  raya, 


^♦^  What  i«  the  rule  for  determining  the  principal  Ahjus  of  a  K'nsf 
>^^(  \»  the  rule  for  the  conjngiite  focus?  When  is  the  conjugate 
w«M  «MA  Uio  Mnie  >ide  of  the  lens  as  the  focus  of  incident  rays  ?  W*hen 
-•,»  '.V*  s^J***  **»^  *idel  703.  What  is  the  effect,  of  coiiihming  two 
V*Mj«^    IW«  ii  the  principal  focus  of  a  combination  of  lensea  de- 
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764  Obliqii«  peadla,  when  transmitted  through  lenses,  hare 
their  foci  in  secondary  axes,  and  their  foci  are  determined  by  the 
same  rules  as  the  foci  of  direct  pencils  in  the  principal  axis. 

It  has  been  shown,  in  section  766»  that  a  ray  of  light  transmitted 
through  a  prism  in  a  direction  parallel  to  its  base,  suffers  the  least 
deviation  possible ;  hence  in  every  other  position  the  deviation  is  in- 
creased. From  this  principle  it  follows  that  the  foci  of  oblique  pen- 
cils transmitted  through  lenses  will  be  somewhat  shorter  than  the 
foci  of  direct  pencila.  This  fact  requires  consideration  in  the  forma- 
tion of  the  images  of  large  objecta  (See  section  76S.) 

765.  The  optioal  ceiiire  of  a  lent  is  a  point  so  situated  that 
every  ray  of  light  passing  through  it  will  undergo  equal  and  op- 
posite refWu;tion  on  entmng  and  leaving  the  lens. 

All  rays  of  light  passing  through  the  optical  centre  emerge  from 
the  lens  parallel  to  the  incident  rays.  The  position,  form  and 
foci,  of  all  pencils  of  light  passing  through  a  lens  are  determined 
by  their  relation  to  some  line,  or  secondary  axis,  passing  through 
the  optical  centre  of  the  lens,  whether  any  ray  of  light  from  the 
radiant  point  actually  passes  through  that  centre  or  not  The 
optical  centre  of  an  equi-lateral  double  convex,  or  double  concave 
lens,  is  at  the  centre  of  the  lens.  The  optical  centre  of  a  piano 
convex,  or  piano  concave  lens,  is  at  the  centre  of  the  curved 
surface. 

766.  Images  formed  by  Imisos. — If  an  object  is  placed  before  a 
convex  lens  at  a  greater  distance  than  the  principal  focus,  an 
image  of  the  object  will  be  formed  on  the  other  side  of  the  lens. 

If  from  the  extremities  of  the  object  A  B,  fig.  426,  the  secondary 
axes,  Aa,  B  b,  are  drawn  through  426 

the  optical  centre  of  the  lens,  the 
image  will  be  formed  between  these 
axes  prolonged,  at  a  distance  equal 
to  the  conjugate  focus  of  the  lens, 
estimated  i»^parately  for  every  point 
of  the  object  If  the  object  Is  placed  beyond  the  principal  focns, 
and  at  less  than  twice  this  distance,  the  image  will  be  mere  distant 

764.  Where  are  the  foci  of  oblique  pencils  found  t  What  effect 
is  produced  upon  the  foci  of  pencils  of  light  by  transmitting  them 
obliquely  through  a  lens  t  What  are  secondary  axes  ?  Where  is  the 
optical  centre  of  a  double  convex  or  double  concave  lens  of  equal 
curvature  on  both  sides  t  Where  is  the  optical  centre  of  a  pUno 
convex  or  piano  concave  lens  7  766.  On  which  side  of  a  lena  are 
real  imagea  formed  t  Explain  the  formation  of  images  by  a  convex 
lenai 
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and  larger  Uian  the  object  If  the  objeet  r<ee«dM  from  the  leM^  thf 
inuige  will  approach  it  When  the  object  is  remoTcd  from  the  kaa, 
more  than  twice  the  principal  focus,  the  image  will  be  smaller  ♦>*•" 
the  object,  and  it  will  gradually  approach  the  leoa^  and  HimiHiA  in 
die  as  the  objeet  recedes  The  image  can  never  approach  nearer  to 
the  lens  than  the  principal  focus.  The  linear  magnitude  of  the  imsge 
as  compared  with  the  object  will  be  proportional  to  their  reepectiTe 
^stances  from  the  len& 

If  the  object  is  placed  nearer  to  the  lens  than  the  principal  focni. 

MB  A  Bf  fig.  427,  the  rays  will  diverge  after 
pasdng  the  lens,  and  a  trirtumi  iwtmgt,  a  I, 
will  be  formed  on  the  same  side  of  the  lenf 
as  the  object  The  virtual  image  Ibrmed 
by  a  convex  lens  is  always  larger  than  the 
object 
If  an  object,  A  B,  fig.  429,  is  placed  before  a  concave  lens«  the  laji 
from  every  point  of  the  object  will  diverge  after  refraction  more  thaa 

428  they  did  before  entering  the  lens ;  eonse- 

quently  a  wIvmI  image,  smaller  th^n  the 
object,  will  be  formed  on  the  same  side  <f 
■the  lens.  The  size  of  the  virtual  imsge 
will  be  in  proportion  to  it«  distance  from 
the  lens. 

767.  Spherical  aberration  of  lenses. — It  has  been  assumed 
that  spherical  lenses  bring  rays  of  light  issuing  from  a  point 
to  a  sensible  focus.  For  many  purposes,  however,  greater  accu- 
racy is  required,  and  it  becomes  necessary  to  consider  the  im- 
perfections of  spherical  lenses. 

If  the  diameter  of  the  lens  V  IT,  fig.  429,  is  large  in  propor- 
tion to  its  radius  of  curvature,  ravs 
of  parallel  light  will  not  be  brought 
to  an  accurate  focus,  but  while  the 
central  ravs  cross  the  axis  at  j^^  the 
extreme  rays  will  intersect  the  axis 
at  G^  and  intermediate  rays  will  in- 
tersect the  axis  at  every  possible 
point  between  /'and  G.  The  distance,  F  G,  is  called  the  hn- 
gitudinal  spherical  aberration  of  the  lens. 


When  is  the  imago  smaller,  and  when  larger  than  the  objects 
When  is  a  virtual  image  fonned  by  a  concave  lensf  Is  a  virtual  im- 
ago formed  by  a  convex  lens  larger,  or  smulltT  than  the  ohjeet  ? 
AVhat  kind  of  images  are  fonned  by  conoavo  lensc:*  ?  On  what  does 
the  *ize  of  the  virtual  image  depencff  767.  What  is  meant  by  ^her- 
ical  aberration  of  lenses  \ 
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For  lenses  of  small  aperture,  the  aberration  is  in  proportion  to  the 
square  of  the  angular  aperture  of  the  lens,  but  for  lenses  of  larger 
aperture,  the  aberration  increases  more  rapidly  than  would  be  re- 
quired by  this  proportion.  If  the  length  of  the  principal  focus  be 
taken  as  unity,  the  longitudinal  aberration  for  lenses  of  different  an- 
gular apertures  will  be  as  follows : 

For  15*"  the  aberration  will  be  0X)25, 

"   22*  "  "  "     "  0-062, 

"   80*  "  "  "      "  01 60, 

u   450  u  i<  u      u  0-876. 

This  effect  of  spherieal  lenses  causes  images  to  be  formed  at  every 
point  between  F  and  O,  tiie  rays  going  from  each  image,  more  or  less 
interferiDg  with  the  distinctness  of  all  the  others. 

The  amount  of  spherical  aberration  depends  also  on  the  form  and 
position  of  lenses.  If  n  =  index  of  refraction,  r  =  the  radius  of 
the  anterior  surface,  and  B  =  the  radius  of  the  posterior  surface, 
then  for  parallel  rays,  the  form  of  least  aberration  will  be  expressed 
by  the  following  equation. 

J!  —  4  +  w— 2  n« 
H  ""  2ii"  -H» 

If  n  =  li,  the  form  of  least  aberration  will  be  a  lens  whose  sur- 
fisces  hare  their  radii  in  the  proportion  of  1  to  6,  the  side  of  deeper 
curvature  being  towards  parallel  rays.  If  the  spherical  aberration  of 
such  a  lens,  in  its  best  position,  is  taken  as  unity,  the  aberration  of 
other  lenses  will  be  as  follows : 

Piano  convex  with  plane  surface  towards  distant  objects,  4*2^ 

Piano  convex  with  convex  surface  towards  distant  objects,  1  *081. 

Piano  concave  the  same  as  piano  convex. 

Double  convex  or  double  concave  with  both  faces  of  the  same  cur- 
vature, the  aberration  will  be  1*667. 

768.  Aberration  of  sphsrioity }  distortion  of  imagoa. — When 
a  straight  object  is  placed  before  a  lens,  the  extremities  of  the 
object  not  being  in  the  principal  axis,  if  the  images  of  the  ex- 
treme points  are  formed  in  the  secondary  axes  at  the  same  dis- 
tance from  the  optical  centre  of  the  lens,  as  the  central  portions 
of  the  image,  the  image  will  not  be  straight,  but  formed  on  a 
curve,  the  centre  of  which  is  at  the  optical  centre  of  the  lens, 
as  a'  b'j  fig.  60.     But  as  an  object  recedes  from  the  lens,  the 


How  does  the  sperical  aberration  of  a  lens  compare  with  its  angu- 
lar aperture  ?  What  is  the  form  of  a  lens  of  least  spherical  aberra- 
tion 7  In  what  position  does  a  piano  convex  lens  have  the  least  ab- 
erration t  768.  £xphiin  the  various  causes  which  produce  distortion 
of  images. 
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image  will  approach  it,  therefore  as  A  and  B  mre  more 

430  from  the  lens  than  the 

centre  of  the  object,  the 
extremities  of  the  image 
must  be  nearer  than  the 
centre,  and  instead  of 
a'  C  b\  we  shall  hare 
the  image  a"  O  b'\  de- 
scribed around  a  centre, 
somewhere  between  the  lens  and  the  centre  of  the  image.  Oblique 
pencils  are  also  more  strongly  refracted  tlhan  pencils  which  be- 
long to  the  principal  axis ;  hence  this  cause  must  tend  to  curve 
the  image  still  more.  This  curvature,  or  distortion  of  images,  is 
called  aberration  of  sphericity.  For  ordinary  purposes  thin  im- 
perfection  of  lenses  may  be  disregarded.  The  practical  method 
oToTercoming  these  difficulties  will  be  best  explained  in  connec- 
tion with  the  description  of  achromatic  lenses. 


CHROMATICS. 

T  r>  ? .  Analysis  of  light — Spectrum. — ^Primary  colon.  — A  beam 

of  sunlight,  vN'  if.  i\'^'  431,  admitted  into  a  dark  chamber,  through 

4ol  a  small  opening  in  the  shutter, 

F^  forms  a  round  white  spot,  P, 
upon  a  screen  or  any  otlicr  ob- 
ject upon  which  it  falls.  If  a 
triangular  pru^m,  B  A  C,  is  in- 
terposed in  its  path  as  shown  in 
the  figure,  the  light  will  be  re- 
fracted both  on  entering  and  leav- 
>  ing    the  prism,  but  instead  of 

fv^nuiuj;  onlv  »  oirinilar  white  spot  on  the  screen,  M  JV,  it  will  be 
S|^ix>ci\l  o\  cr  A  t\»nsiilorahle  si^ice  from  ^'  to  A'  called  the  Mlar 
*'<\' .'"?.'•;,  in  which  will  ho  soon  all  the  colors  of  the  rainl)0W. 
I^oj^tnning  \\ith  the  ivlor  most  refracted,  they  are  riolet^  indi^o^ 
>«\,,  j-'\ ,  •,,  < « .*.*,  .A  i»rii/i.;c\  and  /•<  <A  If  an  opening  is  made  in  the 
s\nwt\  Sx^  Hs  to  ponuit  only  the  rays  of  a  single  color  to  pass,  and 
\*<^  ,^tlcsnpt  Iv^  annl>  /e  this  color  hv  jtassing  it  through  a  second 
^^Uu\»  >*o  luul  it  cannot  he  further  tleconiposed  by  refraction; 


'I^A  lVi*cnbt(*  tho  m<»thod  of  analyzing  liujht  bv  a  i^rUni.     What 
»nM)^c  (vrinMr^'  colon  obtainc^d  hy  this  mt^tbod }     what   color  is 
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hence  the  colon  of  the  sokr  spectram  produced  by  the  refrac- 
tion of  a  triangular  prism  are  generally  called  primary  colors, 

770.  Raoompoaition  of  light. — If  a  second  prism,  A  B  a,  ex- 
actly similar  to  ^  ^  ^,  is  placed  behind  the  first,  but  in  a  re- 
versed position,  as  shown  in  the  figure,  the  differently  colored 
rays  will  be  re-united  and  form  white  light  at  P,  as  though  no 
prism  had  been  used. 

Moreover,  if,  instead  of  the  second  prism,  a  double  convex 
lens  is  so  placed  as  to  receive  the  colored  rays  and  converge  them 
to  a  focus,  a  round  spot  of  white  light  will  be  again  formed  in 
the  focus  of  the  lens. 

If  colored  powderB  are  mixed  in  the  proportions  that  the  several 
colore  occupy  in  the  solar  spectrum,  the  color  of  the  componnd  will  be 
a  gprayish  white.  That  the  resulting  color  is  not  pure  white  is  prob- 
ably owing  to  the  fact  that  we  cannot  procure  artificial  colors  that 
will  accurately  represent  the  colors  of  the  solar  spectrum. 

771.  Analyiia  of  colon  by  abaorption. — Although  the  colon 
of  the  prismatic  spectrum  cannot  be  further  divided  by  refrac- 
tion, Brewster  has  shown,  that  any  of  the  colon  may  be  still 
further  decomposed  by  transmission  through  variously  colored 
glass.  He  thus  ascertained  that  red^  yelloWy  and  blue  light  are 
found  in  various  proportions  in  all  parts  of  the  spectrum,  and 
that  any  other  color  whatever  may  be  formed  by  suitable  combi- 
nations of  these  three.  Brewster  and  other  eminent  philoso- 
phen  have  hence  inferred  that  there  are  really  only  three  pri- 
mary colore^  red^  yellow  and  blue. 

Dr.  Toung  considered  red,  green  and  violet,  primary  colors.  Ac- 
cording to  Ilerschel,  any  three  colors  of  the  Bpeotrum  may  be  taken 
as  primary,  and  all  other  colors  may  be  compounded  from  them,  with 
the  addition  of  a  certain  amount  of  white.  The  distinction  of  colors 
into  primary  and  secondary,  should  therefore  be  considered  to  a  cer- 
tain extent  as  arbitrary,  and  as  adopted  principally  for  convenience 
of  illustration. 

772.  Oompl«iiM&tary  colonk — Any  two  colon  which  by  their 
union  would  produce  white  light,  are  said  to  be  complementary 
to  each  other.  If  we  take  away  from  the  solar  spectrum  any 
oAoT  whatever,  we  may  re-unite  all  the  remaining  colon,  by 
means  of  a  double  convex  lens,  or  by  a  second  prism,  and  the 

770.  How  can  several  colored  rays  be  so  combined  as  to  produce 
white  light  ?  771.  How  may  light  be  analyzed  by  ah!H>rptiou  ?  How 
many  primary  colors  are  recognised  by  8ir  David  Brewster  t 


414 

iMiiHlni;  rmlnr  iiill  nhiiminlj  htr  nrmirliminntiTT  tn  ttMtel|bt- 
ciuM  it  isjust  what  thefirst  wants  to  makft  white  li|^  iDtUi 
ntannfir  it  is  found  that, 

Radisoomplementarjto €hnesn. 

ITiolet  red       "  " 

Yiol«t  «'  '' YflUoir. 

Tiolet  blue      " 

Blue  ««  '* OnngoL 

Greenish  blue  «'  '* Beddidi 

Blade  '«  '*...«.  White. 

The  Bubjeot  of  harmony  and  oontrait  of  eolot%  wID  be 
eonneotion  with  the  phenomena  of  Tidoo. 

778.  Properties  of  the  sdlarspeutiiuM. — ^iatihe 
ttiere  are  found  three  distinct  propertifls  which  exiet  hi 
degrsBS  of  intensity  in  the  difforenUy  colored  ra^   See  fl^  4S4 

(•)  lMmin0m9  Ta^9»  According  to  Hersduly  Wnmbet^  aai 
oUmtSi  it  is  found  that  the  ukazimum  illuminating  poiwar  ntUm 
in  the  yellow  rays,  and  the  minimum  in  the  Tiolet. 

(b)  Cahr{Hc^  or  heating  ray$.  The  position  of  greatest  inten- 
sity for  the  calorific  rays  varios  with  the  nature  of  the  material  of 
th«  prism  with  which  the  spectrum  has  been  producedL  In  the 
spectrum  produced  by  a  prism  of  crown  glass,  the  greatest  heat- 
ing |H>wor  is  found  in  the  paU  red.  If  a  prism  filled  with  wmier 
is  used,  the  ^^atest  heating  power  is  found  connected  with  the 
y«t//i><c  riiyiL  If  the  prism  is  filled  with  alcohol,  the  greatest 
heat  is  ivnnocted  with  the  orange  yellow.  With  prisms,  formed 
of  liighly  ri'fhicting  gemit^  the  maximum  heating  power  is  Ibund 
beyond  the  rv*/  my.  Flint  glass  resembles  the  gems  in  this 
resiHVt. 

(t*"^  Chrmical  my*. — In  a  great  variety  of  phenomena^  solar 
light  acts  as  a  chenucal  agent.  Under  the  influence  of  solar 
light,  plants  decompose  carbonic  acid,  evolving  pure  oxygen 
and  most  vegetable  colors  are  destroyed ;  phosphorus  is  (^tanged 
to  its  red  or  amorphous  state,  and  loses  its  power  of  emitting 
light ;  chlorine  and  hydrogen  may  bo  safely  mixed  in  the  dark, 
but  combine  with  an  explosion  when  exposed  to  the  sun*s  light ; 
the  green  color  of  plants  disappears  in  the  dark,  and  the  nature 
of  the  vegetable  juices  is  changed  when  withdrawn  from  the 

*i1t,  What  U  meant  by  complomcntAry colore?  Name  the  leveral 
oolor*  whUh  arc  ouinplementary  to  each  other.  778.  What  thrce 
remarkable  pn^jMrtiee  are  foan<{  in  solar  light  ? 
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chemical  action  of  light ;  and  the  wonderftil  phenomena  of  pho- 
tography depend  upon  the  action  of  light  upon  sensitive  chem- 
ical substances.  The  maximum  chemical  effect,  produced  bj 
solar  light,  appears  to  be  connected  with  the  yiolet  rays,  or  with 
rays  between  the  violet  and  the  blue.  Some  chemical  effect  is 
produced  by  rays  rcfiracted  entirely  beyond  the  extreme  border 
of  the  visible  violet  rays.  The  lavender  light  of  Herschel  re- 
sults from  the  concentration  of  the  so-called  invisible  rays,  be- 
yond the  border  of  the  violet,  where  the  greatest  chemical  power 
resides.  A  large  convex  lens  gathers  these  otherwise  invisible 
rays  into  a  faint  beam  of  lavender  colored  light 

774.  Fraunhofer^i  dark  lines  in  the  solar  speotnun. — In  1802, 
Dr.  Wollaston  first  discovered  the  existence  of  dark  lines  in  the 
solar  spectrum,  but  the  discovery  excited  no  special  attrition, 
and  was  applied  to  no  practical  purpose. 

Unacquainted  with  Wollaston*s  observations,  the  late  cele- 
brated Fraunhofer,  of  Munich,  re-discovered  the  dark  lines  of  tho 
spectrum,  now  distinguished  as  Fraunho/er^B  dark  linee.  View- 
ing through  a  telescope  the  spectrum  formed  from  a  narrow  line 
of  solar  light,  by  the  finest  prisms  of  flint  glass,  he  noticed  that 
its  surface  was  crossed  by  dark  lines  of  various  breadths.  None 
of  these  lines  coincide  with  the  boundaries  of  the  colored  spaces. 
From  the  distinctness  and  ease  with  which  they  may  be  found 
and  identified,  seven  of  these  lines  have  been  distinguished  by 
Fraunhofer  by  the  letters  B,  0,  D,  E,  F,  G,  H.  Numerous  other 
lines — ^varying  from  600  to  3,000  in  number,  according  to  the 
power  of  the  telescope  with  which  they  are  viewed — have  since 
been  counted  in  the  solar  spectrum. 

To  view  these  lines  with  the  naked  eye,  a  ray  of  sunlight  is  ad  • 
482  483 
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nutted  into  a  dark  chamber  through  narrow  openings  in  two  screens, 
one  placed  behind  the  other,  as  shown  in  fig.  482,  and  is  then  re- 


774.  What  are  Fraunhofer*B  dark  lines  t  How  may  diey  be  ob- 
served 9  In  what  respect  are  their  positions  the  same  in  spectra  ob- 
tained by  prisms  of  different  materials  t    How  do  they  differ  f 
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taetod  ligr  ft  pffin  of  tiM  pvMi  fliat  fl^uii  IUBmi^  crtaM^ 
ijbma,  wlU  Umh  b«  seen  on  the  Mreeo.  The  podtMHM  of  theie  Hmi 
in  the  eolored  qpeeee  of  the  speetnim  it  perfeeti^  defiidle^  but  thor 
^■tanoes  from  eeeb  other  yary  with  the  rabetnaoe  €f  wUek  thi 
yriflin  ie  formed.  Fig.  488  thows  the  Airangement  oCtli«  dukBnvii 
the  ■peetmm,  formed  by  prisms  of  ffintand  trmmfllni^  aadelso  by  • 
prbm  filled  with  water.  These  dark  lines  answer  the  tn^Miftant  pv> 
poae  of  landmarks  for  determining  the  indiees  of  nfraetioii  fcr  mism 
sobstanoesb  The  exact  limits  of  the  serenl  eolors  fa  tii« 
•re  not  well  defined,  bnt  the  dark  lines  establish  deHaita  petala 
whieh  the  practical  optician  estimates  the  TeAttotSra  p<»wcr  cf  aay 
medinm,  and  also  the  comparatlTe  refranglblBty  of  l&o 
•olored  rays  in  whidi  the  dark  lines  oeeiipy  llzad  poritloi 

In  the  q>eetram  prodneed  by  the  lif^t  of  the  Mm^ 
fleeted  by  the  moon  or  planets,  or  from  the  elonds  or  oaj 
object,  the  position  of  the  dark  Hnes  is  iBvaiUUk  Bat  «Im  Vgltif 
tho  stats  differs  ftom  that  of  the  son,  and  tha  light  of  oao  rtv  di^ 
imn  ftom  other  stars  in  regard  to  tiie  nnmber  aad  piisJUaa  of  lis 
dark  lines  in  the  spectrum.  Eleetrleal  lii^t^  and  tho  li|^  of  Ambm 
produced  by  any  baming  body  whatever,  gire  bright  linea  iasfrai 
of  the  dark  lines  in  the  spectrum  fonned  by  solar  or  stellar  lights 

The  relation  of  the  dark  lines  to  the  colors  of  tho  speetmm  ■ 
shown  in  fig.  434.  B  lies  in  the  red  portion  near  the  end ;  Ciit 
farther  advanced  in  the  red ;  I)  in  the  orange  is  a  strong  double  line 
easily  recognized ;  ^in  the  green ;  jPin  the  blue ;  O  in  tlieiDdigo; 
and  ff  in  the  violet  Besides  these,  there  are  also  others  Twy 
remarkable ;  thus  5  is  a  triple  line  in  the  green,  between  J?  and 
JF[  consisting  of  three  strong  lines,  of  which  two  are  nearer  each 
other  than  the  third ;  ^4  is  in  the  extreme  border  of  the  red,  and 
a  is  a  band  of  delicate  lines  between  A  and  B, 

775.  Intensity  of  Inminona,  calorific,  and  *^— n*^^ 

484 


BmL  Onag*.  T*Uow.  GiMB.  Blot.      ladige.  ^lataL 

Fig.  484  also  shows  how  the  intensity  of  the  luminous,  calorific,  and 


How  does  the  light  of  the  rtars  difTer  from  sunlight  T    What  re- 
markabU  ptonUaiity  In  the  light  of  flames  and  in  electrical  light  I 
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chemical  rays,  Taries  in  diUferent  parts  of  the  spectrum.  The 
greatest  illuminating  power  resides  in  the  yellow  part  of  the 
spectrum.  The  heating  power  is  ahnost  entirely  ahsent  in  the 
Tiolet  and  the  hlue,  where  the  chemical  agency  is  greatest,  and 
it  is  greatest  heyond  the  red,  and  extends  a  considerable  distance, 
where  no  illuminating  or  chemical  power  is  ordinarily  manifest 
The  relative  positions  of  the  maximum  illuminating,  chemical, 
and  heating  powers  of  the  solar  spectrum,  yary  somewhat  with 
the  nature  of  the  substance  composing  the  prism  with  which  the 
spectrum  has  been  produced. 

776.  Refraction  and  dispersion  of  the  solar  q>ectmm. — Kaly* 
chromatics* — If  a  glass  tube,  retort  neck,  drinking  glass,  or  any 
similar  instrument  of  glass  be  held  in  the  path  of  the  colored 
rays  from  a  triangular  prism  in  a  dark  chamber,  a  beautiful  sys- 
tem of  colored  rings  will  Ji>e  formed,  varying  their  form,  position 
and  color,  with  every  change  in  the  position  or  form  of  the  glass 
interposed.  This  experiment  exhibits,  in  the  most  surprising 
and  agreeable  manner,  the  wonderful  resources  of  color  contained 
in  the  solar  beam.  Language  fiiils  to  express  the  exquisite  and 
wonderful  beauty  of  this  simple  experiment,  involving  only  the 
refraction  and  dispersion  of  the  solar  spectrum.  Kalyeromatiu^ 
(from  the  Greek  for  beautiful  colors,)  has  been  suggested  as  % 
word  to  distinguish  these  phenomena. 

777.  Oliromatio  abenwtton. — When  rays  of  ordinary  white 
light  are  refracted  by  a  lens  of  any  form,  consisting  of  a  single 
transparent  substance  like  glass,  or  a  transparent  gem,  the  rays 
are  each  acted  upon  as  by  a  prism,  and  dispersed  into  all  the  co- 
lors of  the  solar  spectrum.    This  485 

effect  is  shown  by  fig.  485,  where  V 
is  the  focus  of  the  violet  rays  which 
are  most  refracted,  and  jS  is  the  fo- 
cus of  red  rays  which  are  least  re- 
fracted. A  violet  image  is  formed 
at  F,  and  a  red  image  at  R,  and  as  the  other  colors  are  situated 
between  the  violet  and  the  red,  all  the  space  between  Fand  R^ 
is  occupied  by  other  images  of  intermediate  colors.  If  an  image 
of  a  point  or  line  is  formed  at  T^  its  cobr  will  be  violet,  but  it 


775.  How  does  the  intensity  of  the  lominons  calorific  and  cheoji* 
leal  rays  differ  in  different  parta  of  the  spectrum  t  77 A.  How  can 
magnificent  exhibitions  of  colored  light  be  produced  in  connection 
with  the  solar  spectram  7    777.    What  is  chromatie  aberration  f 


wUl  be  smroundedb;  binges  composed  of  all  the  ctdonof  fheicpM- 
trum,  the  outer  border  of  the  &inge  being  red.  This  defect  d 
all  single  lenses,  formed  of  whatever  subetaoM,  is  called  tkr*- 
matie  aberration. 

776.  Actaronutlui. — We  hare  seen,  section  774,  fig.  433,  tbit 

the  spectrum  formed  bj  flint  glass  is  nearly  twice  as  long  as  tint 

formed  by  crown  glass.     If  therefore  we  take  a  prism  «f  9o«b 

glass,  A,  fig.  439,  and  another  prism  of  flint  glass,  £,  having  t 

43S  refractive  angle  so  much  smaller  thmn  the  re- 

fractive  angle  of    A,    that  the   solar    spectniin 

/   formed   bj  it,   will  exactly   eqiud   in   extent  the 

spectrum  formed  by  the  flrst  prism,  wt  may  plan 

I   ttie  two  prsims  in  opposition,  as  shown  in  tbe 

;  figure,  and  the  colored  rays  separated  by  tnm- 

■  ision  through  one  priEm,   will   ba   exactly  i»- 

nnited  by  the  other.  The  light  transmitted  throngfa  the  two 
prisms,  thus  placed,  will  therefore  be  of  the  same  color  as  befait 
transmission.  But  while  the  color  of  the  tnnsmitted  light  ii 
unaltered,  its  direction  will  be  changed  by  about  one-half  lie  le- 
fractivc  power  of  the  prism  A;  for  while  the  prism,  B,  hts  neu- 
trnliied  all  the  dispersion  of  color  produced  by  A,  it  has  oeu- 
tniliied  only  about  half  of  its  refractive  power. 

Applying  these  principles  to  lenses,  a  double  convex  lens  of 

4;tT     orown  gl.iss,  A  A.  fig.  437,  may  be  united   with  a  piano 

■  lens  of  ttint  gloss,   £  B,   having  a  focus  about 

double  the  focus  of  the  convex  lens.      These  two  lentM 

n  ill  ait  like  the  prisms  in  the  preceding  figure.      The  coo- 

I  n\  L  lent;  of  tlint  glass  will  correct  the  chromatic  aberration 

of  tilt  double  convex  lens  of  crown  glass,  and  leave  about 

oni'-half  of  the  refractive  power  of  the  convex  lens  as  the 

till  tivc  refracting  power  oftbe  compound  lens.     Anachro- 

ic  lfn>,  formed  of  a  double  convex  lens  of  crown  glass,  equally 

ciHivex  on  Imlh  sides,  joined  with  a  planoconcHve  lens  of  flint  glass, 

having  its  concave  side  ground  to  lit  oncside  of  the  double  conrei 

lens,  willlinve  the  focus  ofasimpleplano  convex  lens,  with  its  con- 

veiily  otjual  to  one  side  of  the  double  convex  lens."     The  formsof 


theae  ruults  are  to  be  rrgarded  only  ae  illuetraliana  of  the  prittnfU 
of  n-hronmlism,  tlie  proportions  of  the  eeveral  curv«a  vsryiog  for 
differfQt  kiniU  of  gUw, 

T7S.  ^'hat  it  an  achromatic  prism  I    KiT>l'tD   the  itracture  of  ao 
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the  convex  leu  of  crown  glHR  mod  the  eonoTO  lens  of  flint 
glass,  may  be  Tsried  to  any  extent,  provided  tbeir  eepuate  foci 
are  invenely  *a  tiie  dlapet^ve  power  of  the  substanco  of  which 
each  lens  ia  madb 


779.  Strnctore  of  th«  hmnaii  oyo. — The  hnnura  eye  is  the  most 
perfect  of  all  optical  inBtruments.  By  means  of  this  organ, 
stimulated  bj  the  light  reflected  or  refracted  from  external  ob- 
jects, wo  recognize  their  presence,  nearness,  color  and  form. 
Some  knowledge  of  the  strticturo  and  action  of  tbe  eye  is  essen- 
tial to  a  proper  understanding  of  the  uses  of  other  optical  in- 
struments. 

The  eye,  situated  in  its  bony  cavity  called  tbe  orbit,  ii  main- 
tained in  its  position  by  the  optic  nerve  and  its  sheath,  by  mus- 
cles which  serve  to  move  it  or  hold  it  steady  in  any  required  po- 
sition, and  by  tbe  delicate  membrane  called  the  conjunctiva, 
which  covers  its  anterior  surface  and  lioes  the  eyelids.  The  eye- 
lids serve  to  protect  the  organ  from  external  injuries,  and  also  to 
shut  out  light  which  mightotherwise  be  troublesome  or  iiyuriouB 
by  its  excess,  or  too  long  continued  action. 

Fig.  438  shows  a  horizontal  section  of  tbe  eye,  tbe  lower  part 
of  the  figure  representing  the  438 

side  of  the  eye  towards  the 
nose.    The  globe,  or  ball  of 
the  eye,  is  nearly  spherical, 
though  the  anterior  portion  is  f 
more  convex  than  Uie  other  * 
portions,   as  shown    in   the  '^\ 
figure. 

The  principal  portions  of 
theeyewhicb  require  conside- 
ration, are  the  sclerotic  coat, 
the  cornea,  the  choroid  coat,  the  retina  and  optic  nerve,  the  Iris, 
the  pupil,  the  crystalline  tens,  the  aqueous  humor,  the  vitreous 
humor,  and  the  hyaloid  mcmbnoe. 

The  K/erotie  coat,  i,  is  a  strong  opaque  structure,  composed  of 
bundles  of  strong  whit«  fibres,  interlacing  each  other  in  all  di- 
rections. This  merobnuie  covers  about  fbur-flfths  of  the  eyeball, 
and  more  than  any  other  structure,  serves  to  preserve  the  glob- 

71S.  What  is  the  organ  of  vliioni     Describe  the  atraeture  of  tha 


flf  OM  ubm  €f  tfi0  optic 

adkd  llM  fl9nM%  fl^  ii 
eoaft,  asmwalcli  ciTStaliiKt  IdIIm 
are  M  finnl jf  imitawl  tksl  tihs^ 
^BAcal^.    Tl»  riMM  ii 


oosl^  and  coTOwd  iiilMudljrly  > 
•^^rvn,  wludi  prefcnfs  vi^ 
iiilciiial  pntB  €f  tfiAcjVL 
XhetiuidyOr  inner ncaiilin«»«ftfi««fi^  iittM 
ii  ■filly  an  eipmiaon  cf  tfia  oplie  Mra^  «^  iBftta^ ft  tatti 
knin.    R  fa  <a  thk  ddkate  Bmng  MwrihraiM^  (tiia  wtfaaj 
Ihm  JiMBM  €f  artenaJ  ohfacta  an  im  wuiL 

Ska  Mi^  <  whieii  fanna  tfia  ooteed  part  ef  tta  cjyi^  la  a  I 
aBBBiar  caottamor  Aiphnpaii  anicnBt  at  na 

n  €Bntial  ancning  wluidi,  in  man,  facncolar;  In 
fine  tribe  genenllj  it  is  elongated  TcrdcaDy;  inttieozaBd< 
mminating  animal^  in  a  horixontd  direction.  Tlie  central  open- 
ing of  the  iris,  e^  which  allows  lig^t  to  penetrate  the  cje^  fa  caDed 
the  pupiL  It  Tiries  firom  one-eighth  to  one-quarter  of  an  inch 
in  diameter.  In  a  strong  light  the  popQ  contracts;  ImiC 
the  light  is  diminished  it  expands. 

Evenr  one  knows  the  sensation  prodneed  by  entering  a  hoof 
spendiosT  hoars  in  the  open  air  exposed  to  the  light  of  the  sna  re- 
fleeted  from  now.  In  this  ease  the  pnpil  beeomea  so  eoatraeted, 
and  the  eye  so  aeeostomed  to  a  strong  light,  that  oljeeCa  within  doon 
are  almost  invisible  until  the  pupil  expands  and  the  eye  reeoieia  ito 
sensitiTencaB  in  ordinary  light.  The  moTemcnta  of  the  iias 
Tcdnntarv. 

The  pnpil  of  the  owl  is  so  very  large  that  it  sees  diitincUy  at 
while  in  the  day-tioM  the  pupil  cannot  contract  enoo^  to  prolsrt 
the  eye  from  the  blin£ng  effect  of  the  soUr  rays>  and  hcpoe  the  awl 
is  neniiy  blind  by  day. 

The  cry$tMine  lens,  /,  fig.  43S|  is  a  transparent  body, 
bdiid  the  iris  and  rery  near  to  it ;  it  is  enreloped  in  a 
rent  membrane  or  capanle,  which  adheres  by  its  borders  to  tt» 
ciliaiy  proceaa,  g.  The  posterior  sur&oe  of  the  cryataOine  ki^ 
fa  mora  oonrex  than  the  anterior.    The  crystalline  lena  fa 


Whaili  the  ma  of  the  iris!    How  does  the  erystalUae  kaa  aat 
iqMmlf^l 


/ 
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up  of  serrated  fibres,  arranged  in  layers  which  increase  in  den- 
sity from  the  circumference  to  the  centre  of  the  lens. 

AqvA<m%  humor. — ^The  space  between  the  cornea  and  the  crys- 
talline lens  is  filled  with  a  transparent  liquid  called  the  aqueous 
humor.    The  iris  divides  this  space  into  two  chambers,  the  ante- 
rior chamber,  5,  between  the  cornea  and  the  iris,  and  the  poste- 
rior chamber,  «,  between  the  iris  and  the  crystalline  lens.    These 
two  chambers  communicate  freely  with  each  other  through  the 
pupil,  e.    The  free  edge  of  the  iris  fioats  in  the  aqueous  humor, 
Vitreou$  humor, — ^The  posterior  compartment  of  the  eye,  h^ 
behind  the  crystalline  lens,  constitutes  by  far  the  larger  part  of 
the  internal  cavity  of  this  organ,  and  is  filled  with  a  transparent 
gelatinous  fluid,  inclosed  in  exceedingly,  delicate  cellular  tissue, 
which  is  condensed  externally,  and  forms  a  delicate  hyaloid  mem- 
hrane,  everywhere  covering  the  retina  and  the  posterior  surfiuse 
of  the  cr3r8talline  lens.     The  vitreous  humor,  inclosed  in  its  cd- 
lular  tissue,  and  enveloped  by  the  hyaloid  membrane,  is  called 
the  vitreous  body. 

780.  Action  of  the  eye  upon  light — ^The  eye  may  be  compared  * 
to  a  dark  chamber,  the  pupil  being  the  opening  to  admit  the 
light,  the  crystalline  lens  being  a  converging  lens  to  collect  the 
light,  and  the  retina  a  screen  upon  which  is  spread  out  the  image 
of  external  objects.  The  effect  is  the  same  as  when  a  double 
convex  lens  forms,  at  its  coi\jugate  focus,  an  image  of  any  object 
placed  in  the  other  focus. 

Let  A  Bf  fig.  489,  be  an  object  plaeed  before  the  eye,  and  eonedder 
that  rays  are  emitted  489 

fVom  any  pohit,  as  A, 
in  all  directions;  only 
those  rays  which  are  di- 
rected towards  the  pu- 
pil   can   penetrate  the 

eye,  or  contribute  to  the  phenomena  of  vision.  The  rays,  on  enter- 
ing the  aqueous  humor,  are  refracted  towards  the  axis,  O  #,  drawn 
through  the  optical  centre  of  the  (Crystalline  lens ;  but  on  entering  the 
lens,  which  is  more  dense  than  the  aqueous  humor,  they  are  still  fur- 
ther refracted,  and  undergoing  yet  another  refraction  on  leaving  the 
crystalline  lens,  they  converge  towards  a  pointy  a,  where  they  form 
an  image  of  the  pointy  A,  The  mys  of  light  emitted  from  JB,  form  its 
image  in  the  point  ft,  and  in  the  same  manner  every  part  of  the  ob- 


780.  In  what  part  of  the  eye,  and  how  are  images  of  external 
objects  formed  1 

SI 


jMfe  ^  B,  k  diliMiitod  in  the  Twy  ndl  hm§gm  m^v^UkUu 
iiM^  iftT«t«d,  nd  formed  iiBMay  ipoB  Om  rattwL    - 

T81.  ntwenioacf  Um  fat g»tfmiift  Ik  «h»  «y«y^Tb  fmi 

tlilit  Ami  inftee  tomed  in  the  cje  it  XMOif  farato^  ti^  the 

ij«  «r  aa  0X|  cut  awmy  the  poBfeecior  pot  ef  tha  tfckralle  eai 

obnraid  ooiito;ifaKthe  cjeliuMi  Fnp««ite'to<ipatfi^  irihi 

dntlsr  of  a  dvk  dimber,  end  look  rt  it  wiflh  tha  aid  «r  a  HW- 
■IQflBg  gba^  when  eztemal  ol^feete  ivfll  faeoMi 

Bhorted  in  an  inrartod  positiMi,eo  iStm  lattBaof  4ba 

ptttoftfaeeyo. 

Wloeophen  and  phyalologiatB  hare  pwpeeed  vaxloaB 
«qilaln  how  we  eome  to  perediTe  objicti  cfeel^  irk 
in  the  eye  aif  aetvaUy  inrerted.  The  meetTaHnaal 
aMthetwoJtoilaowiig:  let  1V*v«J«dieorthe  nbllvo 
qf  eljeet^or'or Afferent  perti.  of  the  aa—  eljaet^  hQftha 
la. iddoh  the  raja  eoaM  to  die  eye, ^heoaiad  tiarfm 
iba  eye  townrda  the  o^e^  ad.  That  the  tariaffa  fo 
lna»  girea  eorrcet  ideas  of  the  relathm  of  ertanHl  ntjaota  t» 
other,  np  and  down  bdng,  in  reCeranee  to  inqiffWiloaB  oa  die 
or  brain,  merely  the  rdaUre  direetiona  of  the  eky  and  earth ;  and  we 
Bee  all  bodies,  indnding  onr  own  persons,  occupying  the  aaiae  TCfe*> 
tions  to  these  fixed  direcUons  as  onr  other  senses  demooatnite  thit 
they  really  occupy. 

782.  Optic  azia^— Optio  angle.— The  i»incipal  azisof  tha  9^ 

called  the  optic  cucis,  is  itsazu|  of  figure,  or  the  rig^Iine 
through  the  eye  in  such  a  position  tliat  the  cje  it 
on  all  sides  of  it  In  a  well  formed  eye  this  is  a  right  linOi 
ing  through  the  centre  of  the  cornea^  the  oentre  of  the  piqifl 
the  centre  of  the  crystalline  lens,  as  (7  tf,  fig.  489.  The  linea  A  m^ 
B  hy  which  are  sensibly  right  lines,  are  seoondaiy  axea.  Ol^octi 
are  seen  most  distinctly  in  the  principal  optic  axis. 

When  both  eyes  are  directed  towards  the  same  ol^ect,  the 
angle  formed  by  lines  drawn  firom  the  two  eyes  to  the  dgectk  k 
called  the  optieanffls,  or  the  binocular  paroMoA 

To  appreeiste  this  difference  of  direction,  look  at  two  oljects  tl^ 
are  sitnated  in  a  line  with  one  eye,  the  other  being  rloeod ;  thca, 
without  moying  the  head,  look  at  the  same  objects  with  the  other 
eye,  and  the  objects  will  not  both  appear  in  the  same  line,  hat  wHI 


781.  Why  is  the  image  fonned  upon  the  retina  inrerted  f  How  aaa 
an  inTerted  image  on  the  retina  give  to  the  mind  a  correct  idea  ef 
the  reiattoa  and  podtion  of  external  objects  f  782.  What  la  mesa! 
by  the  eptia  axia  f    What  is  binocular  parallax  I 
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aoem  raddenlyto  ehange  their  poMonn  Byiiieh  tzperiments  it 
will  readily  be  found  that  aome  persont  tee  prineipftlly  with  the  ri^t» 
and  others  ehieiiy  with  the  left  eye,  when  both  eyee  are  open.  0th- 
en  will  find  that  a  part  of  the  Ume  the  direction  of  objects  is  deter- 
ndned  by  one  eye,  and  part  of  the  time  by  the  other. 

788.  Vlsiud  angto. — ^The  angle  formed  between  two  linee  drawn 
from  the  eye  to  the  two  eztremitiea  of  an  oliject,  is  called  the 
visual  angle,  m  A  0  By  fig.  440.  If  the  object  is  remoTed  to 
twice  the  distance,  the  Tisoal  angle  A'  OB  will  be  only  one-half 
as  great  ns  A  0  B,  and  the  breadth  of  the  image  formed  on  the 
retina  will  be  proportionally  decreased. 

Tk9  appannt  Itmer  mmgnitude  440 

of  an  object  is  in  iny  erse  prc^rUon 
to  its  distance  from  the  eye,  or  in  di. 
rect  proporUon  to  the  yisnal  angle. 
Tlie  apparent  amper/ieiml  mmgnitude  is  always  the  square  of  the  app*> 
rent  linear  magnitade,  and  is  in  inverse  proportion  to  the  sqntte  pf 
the  distance. 

784.  Tl&e  brigfatneas  of  the  oonlar  image  of  any  object  will  be 
in  direct  proportion  to  the  intensity  of  the  light  emanating  from 
each  point  in  the  object 

The  amount  of  light  received  by  the  eye  from  any  point  in  the 
object,  or  from  the  entire  object,  will  be  inrersely  as  the  square 
of  the  distance,  and  directly  as  the  intensity  of  the  light  from 
each  point  (78S.)  But  the  superficial  magnitude  of  the  image 
win  diminish  as  the  square  of  the  distance  increases ;  hence,  the 
apparent  hrightneeiofthe  image  will  remain  constant,  ufhatetsr 
may  he  the  distance  ^  the  object 

As  the  object  recedes  from  the  eye,  the  sice  of  the  image  formed 
on  the  retina  diminishes,  the  details  of  the  various  parts  become 
crowded  together,  and  only  the  bolder  ontlines  occupy  soiBcient 
space  to  make  a  sensible  impression,  or  to  be  clearly  discerned. 

785.  OonditioBB  of  distinct  vision. — It  may  be  stated  in  gen- 
eral, that  two  conditions  are  essential  to  distinct  vision.  1st 
That  an  object  should  be  situated  at  such  a  distance  as  to  form 
on  the  retina  an  image  of  some  appreciable  magnitude.    3d. 

788.  What  is  the  visual  angle  t  How  is  the  apparent  linear  mag- 
nitude of  an  object  determined  f  How  is  the  apparent  superficial 
magnitude  of  an  object  determined  ?  784  On  what  does  the  bright* 
ness  of  an  image  depend  t  Explain  why  the  apparent  brightness  of 
an  image  is  the  same  whether  the  oljeot  is  near  or  r«note. 
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ThU  <h>  ot^act  Adl  b^  ■affiditty  DJiwilitrf  t» 
tbMt  impMnkm  iipon  tlM  letiiML 

lh«  olj«et^  wd  tiM  auMHiiit  of  inumiMtioB.  A  wMto  oHiit  flhwi* 
anted  by  tlM  U|^  of  tiM  nm  can  Im  mm  afc  «  dhlUM  «r  It^iO 
tiMi  Ito  OWB  diMMtar.  A  red  olj^gt  llliwiMliilyflwahAt  H^ 
«r.llMMB  am  Umm  ontyaboaftMr  wfcrMtlhMghft^ 
ttdUMst  ftdirtuMMMwiMiiUiiiL  ei|trti  ffliBilMHa  liy 
■■fy  dfty*liglit  can  b«  seoi  oftly  aboal  Mf  w  giMl  ft  ibinf 
lAiBlUiiB^Mitodby  tiMdbeoinytaftibtfln.  TW«MllHti 
aag^niidflr  whieh  an  otjeet  oa  ba  itift  wift  tfw—fc»day%  !§( 
BMtod  at  twelye  eeeondi.  AU  tb«M  flikaktloM  vffl  wj  Ibr 
mt«y«iL    P«nonihaTingdarkaoloMd4i^yMMafM««lljaM 


•n  trmin«d  fl^yMr  dktuit  oliJaat%'«i  lallfln  a&d  Mprvsyioa^  'vQI  wm 
oliMtoihat  «^&r  too  aiUuit  to  ba  aaaa  Igr  4f  iXfa  .a|(  jMa|p«l- 


786.  BaokfroiBd«— The distanoa  atwbklittia  ooMam^m^ 
oljact  oan  ba  distinguishad,  dapeoda  Taiy  nmoh  iqpon  liM  CMihr 
of  a4i*<^^^  objects,  or  of  the  background  on  wbkh  the  ^hjtdL 
appears  projected.  Objects  are  most  distinctly  mqq  whao  tha 
color  of  acyacent  objects,  or  the  background,  jireaents  a 
contrast  to  the  colors  of  the  object  we  wish  to  see. 

Colored  oignaU, — ^For  eignal  flags  used  at  sea,  the  eolen  r^ 
Uuo  and  white  are  employed,  beeauae  they  are  readily  dlatlaiguilied, 
and  are  easily  seen,  with  the  water  or  the  eky  for  a 
For  railroad  signals,  the  colors  red,  white  and  hlmek  are  mostly 

787.  Sufficienoy  of  illnmlnatioa. — ^It  is  not  enongfa  for  diatiiKt 
Tision,  that  a  well  defined  image  of  the  object  shall  be  tinned 
on  the  retina.  This  image  must  be  sufficiently  Olmnmated  to 
afiect  the  senses,  and  at  the  same  time  not  so  intensely  illiimi* 
nated  as  to  overpower  the  oifan.  An  image  may  be  ao  fidnt  aa 
to  produce  no  sensation,  or  it  may  be  so  intensely  briUiant  as  te 
danle  the  eye,  destroy  the  distinctness  of  rision,  and  pn>diiaa 
abaoluta  pain. 

When  we  look  at  the  meridian  sun,  its  light  It  ao  btilUaBt  es  to 


t86.  What  are  the  oondiUons  of  distinct  vidon  t  Atwhat  disteaea 
ean  aa  o^aot  be  seen  under  the  most  fayorable  drenmstaaeea  T  Whet 
ealar  eaa  be  distinguished  at  the  greatest  distaneet  Wlust  ie  the 
SMtUiat  Tiioal  angle  under  whioh  an  object  can  be  seen  t  19^  What 
eolaia  are  usaalW used  for  tlgnaUt  787.  Explain  the  effiset  ef  dif> 
Iwaat  kind!  af  iuumliiatioa  upon  otjeeta 
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oTorpower  the  eye  and  render  it  impoeeible  eyen  to  tee  distinctly  the 
solar  disc,  but  if  »  sufficient  stratum  of  yapor,  or  a  eoloredor  smoked 
glass  is  interposed,  we  see  a  well-defined  image  of  the  son. 

Many  stars  are  so  distant  that  the  rays  which  enter  the  pupil,  when 
conyerged  to  a  point  on  the  retina,  produce  no  appreciable  sensation, 
but  when  the  amount  of  light  from  the  same  stars  fidling  upon 
a  large  lens  is  concentrated  upon  the  retina,  it  produces  sensation, 
and  the  stars  become  yiuble. 

On  passing  from  a  dark  room  to  one  brilliantly  illuminated,  or  on 
going  out  into  the  open  air  at  night  from  a  well-illuminAted  room, 
the  sensations  experienced  are  owing  partly  to  the  contraction  and 
expansion  of  the  iris,  as  explained  in  section  '7'79,  and  also  to  the  £s6t 
that  the  teniibility  of  the  retina  is  diminished  by  long  exposure  to 
intense  light,  and  increased  by  remaining  a  long  tine  in  feeble  light 

788.  Diatane«  of  dlitliict  vldoiL — Though  the  btiman  eye  is 
capable  of  seeing  objects  at  both  great  and  small  distances,  most 
persons,  when  they  wish  to  see  the  minute  structure  of  an  ob- 
ject clearly,  instinctiyely  place  it  at  a  distance  of  from  six  to  ten 
inches  from  the  eye.  This  point,  called  the  limit  of  diitinet 
vision^  sometimes  Taries  for  the  two  eyes  of  the  same  person. 
Persons  who  see  objects  at  Tery  short  distances  are  called  near- 
tighUd,  while  those  who  see  objects  distinctly  only  at  greater 
distances,  are  said  to  be  lang-Hghtsd. 

789.  insnal  rays  nearly  paralleL — ^When  we  consider  that 
the  diameter  of  the  pupil,  when  the  eye  is  adjusted  for  viewing 
near  objects,  is  only  about  one-tenth  of  an  inch,  if  we  take  the 
limit  of  distinct  vision  at  six  inches,  it  will  be  found  that  the 
cone  of  rays  entering  the  eye,  fit>m  any  single  point,  is  included 
within  an  angle  of  one  degree.  If  we  take  the  limit  of  distinct 
vision  at  ten  inches,  the  angular  divergence  of  the  cone  of  rays 
entering  the  eye  frx>m  a  single  point  will  be  little  more  than  half 
a  dogrea  In  either  case,  therefore,  the  rays  differ  but  slightly 
fr'om  parallel  rays.  For  all  objects  more  remote,  the  rays  may 
properly  bo  considered  as  paralleL  Distinct  vision  is  therefore 
obtained  only  by  rays  that  are  tensibly  parallel  or  very  elightly 
divergent, 

700.  Adaptation  of  the  eye  to  ditferent  dlitanoes.— Although 
there  is  a  definite  distanoe  at  which  minute  objects  are  most  dis- 

How  is  the  sensitiveness  of  the  eye  affected  by  a  strong  light  T 
788.  What  is  the  limit  of  most  distinct  vision!  When  are  persons 
said  to  be  near-siffhted  T  When  long-sighted!  789.  By  what  rays 
Is  distinct  rision  ootained ! 


489  oPTict. 

tincUy  seen,  the  eye  has  a  wonderful  fiidlity  of 
viewing  objects  at  different  distances. 

Let  two  dmilar  objects  be  placed,  one  three  feet  from  the  eye  and 
the  other  at  a  distance  of  liz  feet  If  the  eye  ia  fixed  ataadily  upon 
the  nearer  object  for  a  few  moments,  it  will  be  diatinetly  aeen,  while 
the  more  remote  object  will  appear  indistinct,  but  if  the  eye  ia  stead- 
ily fixed  upon  the  the  remote  object,  that  objeet  will  soon  be  cleariy 
seen,  and  the  nearer  object  will  appear  indiHinet  We  thus  see  that 
either  the  converging  power  of  the  eye  is  snljeet  to  rapid  TariatioB, 
or  that  the  distance  of  the  crystalline  lens  from  the  retina  U  ehange- 
aUe.  The  means  by  wliich  the  eye  thus  rapidly  adapla  itself  to 
Tiewing  objeets  at  different  distances^  haye  not  been  ntiB&eiorily 
determined. 


791.  Appredatloii  of  diatiMioo  and  inafnftmla  ilri 
q^aotiwo. — ^The  appreciation  of  the  distance  and  magnitude  of 
objects  is  entirely  a  matter  of  unconscious  training,  or  odncatioii, 
and  depends  upon  a  variety  of  circumstances,  as  the  visual  an^e, 
optic  angle,  comparison  with  fiuniliar  objects,  and  distinctness  or 
dimness  of  the  image,  caused  by  intervening  air  or  vapor. 

When  the  magnitude  of  an  object  is  known,  as  the  height  of  a 
man,  a  house,  or  a  tree,  the  visual  angle  under  which  it  is  seen  ena- 
bles UB  to  appreciate  its  distance.  If  its  magnitude  is  unknown,  we 
judge  of  its  size  by  comparing  it  with  other  familiar  objects  sitoated 
at  the  same  distance. 

In  vicwinfr  a  range  of  buildings,  or  a  row  of  trees,  the  Tisoal  angle 
decreases  as  the  distance  increases,  and  the  objects  decrease  in  appa- 
rent  size  in  the  same  proportion,  but  the  habit  of  viewing  the  houses 
or  trees,  and  their  known  altitude,  causes  us  to  correct  the  impres- 
sion produced  by  the  visual  angle,  so  that  they  do  not  appear  to  de- 
crease in  size  as  fast  as  their  distance  increasesi 

Thus,  when  distant  mountains  are  seen  under  a  very  small  visual 
angle,  ocoup^ing  but  a  small  space  in  the  field  of  view,  being  accus- 
tomed to  serial  perspective,  we  unconsciously  restore  to  some  extent 
their  real  magnitude. 

The  optic  angle,  or  binocular  parallax,  is  an  essential  element  in 
apprtH-'iatiug  distances.  This  angle  increases  or  diminishes  inversely 
as  the  distance ;  the  movement  of  tlie  eyes  required,  to  cause  the  op* 
tic  axes  of  the  two  eyes  to  converge  upon  any  object  which  we  are 
viewing,  gives  us  an  idea  of  its  distance.     It  is  only  by  habit  that 

7\H>.  Can  the  eye  distinguish  distant  and  near  objects  with  equal 
clearness  at  the  same  time  t  What  changes  are  probably  required 
to  adapt  the  eye  to  ditfereut  disUnces?  791.  How  does  the  eye 
judge  of  distances t 
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we  appreciate  the  relation  between  the  distance  of  an  objeet  and  the 
corre«pondjog  movement  of  the  eyea,  required  to  direct  both  eyea 
upon  it 

When  persons  blind  firom  birth  hare  obtained  their  sight  by 
an  operation  for  cataract,  all  objects  appear  to  them  to  be  situated 
at  the  same  distance,  until  experience  enables  them  to  judge  cor- 
rectly of  distances.  Infimts  plainly  have  no  notion  of  relative 
distances  and  magnitudes,  and  vainly  grasp  at  vacancy. 

792.  Single  ▼iaion  with  two  ayos. — When  both  eyes  are  di- 
rected to  the  same  otject,  similar  images  are  produced  in  both 
eyes,  and  the  inquiry  is  most  natural  why  all  objects  thus  seen 
do  not  appear  double  ?  Passing  by  much  learning  bestowed  on 
this  subject,  the  simplest  and  most  satis&ctory  explanation  of 
the  phenomenon  is  deduced  from  the  anatomical  structure  of  the 
optic  nerves,  and  their  relations  to  each  other,  and  to  the  brain. 
The  eyes  may  be  compared  to  two  branches  issuing  from  a  single 
root,  of  which  every  minute  portion  bifurcates,  so  as  to  send  a 
twig  to  each  eye.  (MAller.)  The  optic  nerve  from  the  right  lobe 
of  the  brain  sends  a  portion  of  its  fibres  to  each  eye,  and  also 
sends  some  branches  across  and  backward  to  the  left  lobe  of  the 
brain.  A  portion  of  the  optic  nerve  fix)m  the  right  eye,  instead 
of  proceeding  to  the  brain,  curves  around  and  enters  the  optic 
nerve  and  the  retina  of  the  left  eye.  In  the  same  manner  the 
optic  nerve  arising  from  the  left  lobe  of  the  brain  is  connected 
with  the  right  eye,  and  sends  branches  also  to  the  left  eye. 

Branches  of  the  same  nerve  fibres  which  go  to  the  external 
side  of  the  retina  of  one  eye,  go  to  the  internal  side  of  the  retina 
in  the  other  eye. 

It  18  thus  that  a  perfect  sympathy  and  correspondence  is  establiahed 
between  similar  parts  of  both  eyes.  Uenoe  whatever  object  is  observed, 
if  t)ie  optic  axes  of  both  eyea  are  directed  towards  it,  the  image  is  formed 
on  corresponding  portions  of  the  retina  in  both  eyes,  and  the  mind  re- 
ceives the  impression  of  a  single  object ;  but  the  impression  is  more 
vivid  than  if  the  same  object  were  seen  with  only  one  eye.  So  per- 
fect is  this  sympathy  between  the  two  eyes,  that  if  one  eye  only  ia 
exposed  to  a  strong  light,  the  pupils  of  both  eyea  contract  If  one 
eye  is  diseased  and  protected  from  the  light,  it  suffers  pain  from  light 
entering  only  the  sound  eye. 

793.  DoubU  ▼ialon. — If  both  eyes  are  fixed  steadily  upon  one 
object,  any  other  object  which  may  be  seen  at  the  same  time  will 
appear  double. 


792.  Why  do  not  objects  seen  with  two  eyes  appear  doublet 


Hz  both  •  j«  itMdllj  npon  tha  flame  of  m. 
flBgw  hdd-lMhrMi  tha  ayn  and  tin  lisU  »ill: 


airaUa,  owbg  to  the  inatuUty  to  dirart  both  t^m  mtamaOg^wfi^lkt 
iMM  oljMt  TliaMnephciioaMuia«r^Mw-|rt«i.  tnmja^ftm^ 
Ih*  BWTW  whlah  oontool  the  ay*  bMKMM  ttasMd^ 

fU.  BrMV-ll|htodBMB^llui7  i.tr^ons  arc  unAble  to  Bwnt- 

-  mto  ofciieati  dkHodly  nnloM  th^  arc  placed  within  three  or  (bur 

liwhM  of  the  tj*.    ftiA  penou  arL>  ofleii  unable  to  Ee«  ordinaij 

ol|t*ci>  dMnctlj  in  a  b^  ncm  or  across  the  street ;  they  are 

'  !«aBidtobeiiMi^ghM.(T8S.)    This  defect  is  owing  tg* 

it  pOWW,  the  eya  bringing  parallel  or  slightlj 

it  n^  to  «  focua  bcAn  they  reach  the  retina. 

To  Menre  dirtinet  tUia  in  nak  eaai^  It  li  MMMij^.tp  Mv  H* 

■Hwl  wiiiiei  llii  ijiiil ilai  lliinjiwlMhglh«m.y^M 

•dilr£Tag«t,«h«itliaIiBag«viUlMfln«dMl^fili^  Ikt 
«M  ol^Mt  ma;  be  aeaonplMhed  by  pladBs  a  a«Nsn  JM  )i,||H 
tte  ey^  when  the  raya  frmn  dirtant  olfaata  will  be  iMitMi'j)  fittr- 
(ent,  and  the  itrehg  eoliTeTgent  power  of  the  eye  win  fwui  the  f»- 
•ge  on  the  retina.  Concave  lenaea  for  neai^u^ted  pamum  abaold 
be  nich  m  have  a  foeni  a  little  longer  than  the  dletuae  at  wUrh 
they  Bee  objeote  moat  diitlnctly. 

795.  Long-fightudneaa  conunonly  occurs  in  (^  peopla^  whB 
the  eye  becomes  flattened  by  ditninutdon  of  its  fluida,  or  anva 
atructural  change  in  the  crystalline  lens  occun,  by  wbidk  iti  ca>- 
Tergent  power  m  dinunished.  In  such  cases  the  image  j«  fanaad 
behind  the  retina,  and  vision  is  most  distinct  when  the  nljirt, 
u  a  book  when  reading,  is  held  at  a  considersblo  diatwio*  ft^ 
the  eyes,  so  as  to  allow  the  image  to  be  formed  on  th«  ntuL 

Tbia  defect  of  the  eyes,  when  not  aocompaniadby  ititMSi.  ^w  b« 
entirely  remedied  by  niing  convex  glance,  whUi  make  ap  far  the 
dininlshed  converging  power  of  the  eyea,  and  biing  the  ntys  to  amA 
a  oondition,  that  the  eye  ia  enabled  to  bring  the  light  frian  near  ok 
Jeeta  to  a  diatinot  fooo*  apon  the  retina.  In  looh  -i — r.  howerw  the 
power  of  aecommodating  the  eye  to  different  dietanoaa  ia  oflai  Mt 
aa  great  aa  in  younger  peraona ;  hence  nuiiy  people  in  advaneW  lift 
ind  it  neoeaaery  to  nee  one  aet  of  glasaea  for  near,  and  another  to 
distant  otgact^ 
Tea.  I>nralloBaf  thaJmpreMbm  upon  tha  nttna^ErMy  ens 

798.  How  eas  we  aae  oUecU  double  1  Why  do  drankH  pentM 
otlenaeaot^aets  double  I  ^H.  What  kind  of  glaeawBramoatMZ 
to  uear-wgfalod  perms  t 


▲PPKECIATIOM  or  COLORS. 

knows  that  a  lighted  stick  whirled  rapidly  around  a  circle  ap- 
pears like  a  ring  of  fire.  The  rapidity  of  rerolution  required  to 
produce  this  impression  is  one-third  of  a  second  in  a  dark  room, 
and  one-sixth  of  a  secon(^  by  daylight 

When  a  meteor  darti  acroM  the  heayens,  it  appears  to  leave  a  la- 
minouB  track  behind  it,  because  the  impreMion  produced  upon  the 
retina  remains  after  the  meteor  has  passed  a  considerable  distance  on 
its  way.  The  ligzag  course  of  the  lightning  appeara,  for  the  same 
reason,  as  a  continuous  track. 

Winking  does  not  interfere  with  distinct  yision,  because  the 
continuance  of  the  impression  of  external  objects  on  the  retina, 
preserves  the  sense  of  continuous  vision. 

797.  Optical  toys. — ^nunmatropei — ^A  great  number  of  optical 
toys  and  pyrotechnic  exhibitions  owe  their  effect  to  the  continu- 
ance of  the  impression  upon  the  retina,  when  the  object  has 
changed  its  place. 

If  a  hone  is  painted  on  one  side  of  a  card  and  a  rider  on  the  other 
side,  the  rapid  revolution  of  the  card  causes  the  rider  to  appear  seated 
on  the  horse.  In  the  same  manner,  if  any  object  which  takes  a  va* 
riety  of  positions  in  moving  is  painted  in  successive  positions,  at 
equal  distances  on  a  revolving  whsel,  so  arranged  that  one  only  of 
the  figures  shall  be  seen  at  a  time,  the  object  is  seen  performing  all 
the  motions  of  real  life.  In  this  nuinner  a  horse  may  be  made  to  ap- 
pear leaping  a  gate,  or  boys  playing  at  leap-frog.  These  toys  are  called 
thaumatrojus.  Other  toys  called  phtnmkittoBeope^  and  phantateoptt, 
are  variations  of  the  same  thing,  combined  with  mirrora  and  other 
ingenious  arrangementa  on  the  same  principle. 

708.  Tim*  raqnirad  to  prodnoe  Tlsual  imprasiions. — If  an  ob- 
ject moves  with  sufficient  velocity,  it  is  entirely  invisible,  its  im- 
age upon  the  retina  not  remaining  long  enough  to  produce  any 
impression.  This  is  the  case  with  a  cannon  ball  or  rifle  ball, 
viewed  at  right  angles  to  the  direction  of  its  flight.  But  if  the 
projectile  is  going  from  us,  or  coming  towards  us,  it  preserves 
the  same  direction  long  enough  to  allow  of  an  impression. 
Motions  describing  less  than  one  minute  of  arc  in  a  second  <J 
time  are  not  appreciable  to  us.  Hence  we  do  not  see  the  move- 
ments of  the  hour  hand  of  a  clock,  or  of  the  heavenly  bodies. 

7(10.  Appreciation  of  colon. — Oolor  1ilindnaaa.-«The  power 
of  the  eye  to  distinguish  colors,  varies  greatly  in  different  per- 

705.  Explain  the  caOM  of  long-sightedness  T  What  glasses  do 
puch  p«rsuu«  reauire  t  706.  How  can  k  be  shown  that  the  im- 
preMion of  light  IS  not  instantly  pereeired  by  the  e^'e  ?  707.  What 
IS  the  thaumatrooe  ?     708.  What  lithe  time  of  a  viwuHlUwvr*^**'""-"* 


■ona.  SoDie  ajw  Ut  entirelr  in  this  partlaalar,  wUfe  is  ari? 
-V&ia  iwpact  tb«7  u«  perfect  Such  «jr«a  an  nid  Cnba  «ab 
'  Uind.  Bom«  oonfooad  Mrtein  cnlon,  la  rod  and  (raail^  lAfli 
'  ttt^  ffiatingalBh  othen,  or  «bll«  tluf  neognlsa  an  Om  eotaa  if 

tbaapMtmm,  **•*] '  ti — '**"  ■*-"— *t  ihailiw  atAt  — i 

Oolon  an  grcktlj  modiflad  by  prapar  ooottwt  wfth  ottv  «l^ 
Hiiu  the  comidanienUrj  oglon  nurtnanyanliMMx^  wUb  Ami 
Botoomplementaij,  duniniahewihotliBi'abaHi^irhaaaoalmM 
The  Bouibility  of  ths  ^e  !■  mnch  dlmUilwd  b^  fa^  ta|a» 


4on  of  Hif  ocdor,  and  its  power  of  penaMag  tbm  e 
4ttT  oolor  ia  proportionally  inereased.  Thh  p»tMJt<»  littefcy 
to  hamuM^  of  colota  in  nature  and  ar^  and  aaum  to  ^f^ 
4ha  inodiA«atfon  of  color  hf  «ntrai^  tfad  ffoihtStj  bt  tw  « 


«ta^.Qf  oompIemoBttry  colon,  and  Am  modiflea- 
*-Y  ttkOir  J&ntual  ,proztmit;. 

4miw.1    naw.«re,HlQH  modiAedbv  ^— >— • 


Three  radii  of  a  drole  represent  Brewster^s  three  cardinal  col 
red,  yellow  and  blue ;  between  these  are  placed  orange,  green  an 
violet  Between  these  six  colors  are  placed  reddish  orange,  orang^. 
yellow,  yellowish  green,  greenish  blue,  violet  blue,  and  violet  r^ 
We  thns  obtain  twelve  principal  colors,  each  of  which  may  be  agaia 
divided  into  five  scales  or  hues,  which  gradually  approach  the  suc- 
ceeding color. 

We  thus  have  the  circnmferenae  of  the  circle,  which  represents 
the  prismatio  spectmm,  divided  into  sixty  scales  of  pure  colors. 
Each  radius  representing  a  scale  of  colors  is  divided  into  twenty 
UneM,  to  represent  the  intensity  of  each  color  in  its  own  scale.  The 
tone  of  any  color  may  be  lowered  by  the  addition  of  white,  when  it 
will  remain  in  the  same  radius  or  scale,  bat  take  a  position  at  a  lower 
tone,  or  nearer  the  centre  of  the  cirele.  A  color  modified  by  black, 
is  called  a  broken  color,  but  as  the  color  is  deeper,  the  tone  is  carried 
towards  the  cireumferenee  of  the  circle.  To  represent  the  modifi- 
cations produced  by  black,  Chevrenl  employs  a  movable  quadrant, 
not  easily  introduced  in  our  illustration. 

When  two  complementary  colors  are  mixed,  their  combination  pro- 
duces white,  if  the  colors  are  pure.  The  combination  of  two  colors 
not  complementary  produces  a  certain  quantity  of  white,  but  prin- 
cipally a  color  which  will  be  found  in  the  diagram  intermediate  be- 
tween the  two  colors,  if  they  are  of  the  same  tone,  or  nearer  to  ihe 
color  of  deeper  tone,  when  their  tones  or  intensities  are  different 
The  complementary  color  in  the  diagram  is  found  at  the  opposite  ex- 
tremity of  the  diameter  of  the  circle. 

This  diagram  thus  explains  the  effect  which  two  colors  produce 
upon  each  other  by  their  mutual  proximity. 

When  two  colors  are  placed  near  each  other,  each  color  appears 
modified  as  though  mixed  with  a  small  portion  of  tlie  complement  to 
the  color  which  is  near  it 

{  ExmmpUs.'^m)  Suppose  Hum  and  yellow  to  be  placed  side  by  side ; 
at  one  extremity  of  a  diameter  we  read  ye/leio,  and  at  the  opposite 
vioUt,  hence  the  proximity  of  yellow  gives  to  the  blue  a  shade  of 
violet,  or  makes  it  approach  meUt  blue.  In  the  same  manner  we  find 
orange  complementary  to  Hue  ;  hence  the  blue  gives  a  shade  of  orange 
to  the  yellow,  or  makes  it  approach  orange  yeUom, 
>  (6)  Let  green  and  yellom  be  contiguous,  the  yellow  will  receive 
red,  the  complement  of  green,  and  will  become  orange  yellow. 


How  many  scales  of  color  lb  Chevreul's  classification  f    What  Is 
meant  by  tones  of  color  t     What  are  broken  colors  7    How  la  the 
tone  of  any  color  modified  by  white!    Show  by  the  diagram  what 
color  will  be  produced  by  mixing  any  two  colors  of  iha  ««ASi«\ATx%« 
Explain  how  blue  and  yellow  wiU  be  modi&«^  wVieu  ia«u  v^«i^«t. 
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rttmei,  M  two  or  tlirM  inehci^  SDd  lor  6j6»  eafMblcd  by 
log  from  fifteon  eren  to  thirty  ineho^ 
•  magpUflng  powar  ei  a  Imu  is  found  by  dividing  the 
^tinct  vision,  (ten  inches,)  by  the  prindpel  focus  of  the 

B^  fig.  442,  be  an  object  placed  before  a  convez  lens, 
so  much  nearer  to  the  lens  than  the  focus,  /*,  that  the  rays,  after 
refraetion  by  the  lens,  shall  be  in  that  state  of  slight  divergence 
beet  adapted  to  produce  distinct  vision,  that  is,  diverging  as 
though  emanating  firom  a  point  at  a  distance  of  ten  inches,  or 
the  limit  of  distinct  vision ;  let  a  &  represent  the  virtual  image, 
formed  where  the  refiracted  rays  would  meet  if  extended  back- 
ward, then  a  h  will  be  as  much  greater  442 
than  iiJ^  as  its  distance  from  the  lens 
is  greater  than  the  distance  of  the  ob- 
ject, A  By  from  the  lens.  The  diver- 
gence of  rays  of  light  entering  the  small 
opening  of  the  pupil,  from  a  point  ten 
inches  distant,  is  so  small  that  we  may  consider  thm  parallel, 
and  then  the  object,  AB,  will  be  nearly  at  F,  the  principal  focus 
of  the  lens. 

It  is  eommonly  supposed,  thal-iiMsmuch  as  the  dtftencs  •/  wmI  it«- 
timet  omofi  differs  for  ^ffereet  eyes,  that  therefore  the  magnifying 
power  of  a  lens  yaries  for  different  eye&  If  the  magnif)'lng  power 
of  a  lens  were  always  equal  to  the  dirtance  of  distinct  rision,  di?ided 
by  the  principal  focus  of  a  lens,  it  would  be  variable  for  different 
eyes,  being  two  or  three  tames  as  much  for  some  eyes  as  for  others. 
But  this  is  not  the  easei-  If  the  eye  is  placed  close  to  the  lens,  the 
distance  between  the  lens  and  the  object  will  be  much  less  for  near- 
sighted persons  then  for  others,  because  their  eyes  are  fitted  to  receire 
rays  of  light  much  more  divergent  than  can  be  brought  to  a  focus 
in  ordinary  eyea  So  also  persons  who  see  most  distinctly  at  a  dis- 
tance greater  than  ten  inches,  require  a  lens  to  be  placed  proportion- 
ally more  distant  from  the  object  Hence  the  rule  giyen  abo¥e» 
taking  ten  inches  as  the  distance  of  most  distinct  vision,  and  dividing 
by  the  principal,  or  solar  focus  of  the  lens,  gives  a  result  for  the  mag- 
nifying power,  which  is  very  nearly  accurate  for  every  variety  of 
eyes.  % 

The  superficial  magnifying  power  is  equal  to  the  square  of  the 


808.  How  is  the  ma^ifying  power  of  a  single  lens  determined  t 
Show  how  the  magnifying  power  of  a  lens  remains  nearly  the  lame 
for  all  eyei^     How  is  the  superficial  magnifing  power  determined  f 


BnMr  iiiaBiiiQIns  paw  Is  alvw  eomiiMBly  navel 


M  or  ti^M^  HtiBg  ■■  ft  ■in^  Ian,  iiotfaaii 

Aupaifj  duncting  niaaeeop*,  ehown  in  fig.  il8,  ia  tb«  n        , 
ribopte  miwriiscope.    The  magnifying l«n«, 0,  nunuitad  io  adaikflK 
_  4^:1  J,  to  protect  the  eye  from  •!Xtt«i»eOT»U|i^ 

ii  fixed  in  the  end  of  a  inoraU*  tim 
■wbleh  em  be  rotated  oa  it«  BOl^Mrt,  (1» 
vated  knd  depreaeed  by  th*  millo]  ^a^ 
£.  or  lengtlieoed  by  tnmiag  ilie  nillM 
heed,  C  Betov  the  leDe  In  th«  ela^  J^ 
whieh  supports  the  object  to  be  nrinllit 
The  concave  inlm»',  M,  can  be  eo  a^jntfil 
OS  to  illoiuiiiate  the  object  hy  a  i;oiie^ 
tnlted  pencil  of  trtiiFmilted  liKhl, 

Iniidngtiilfnil«rMeo{)e,UM«jvbpbHd 

over  the  lent  •,  which  may  bo  d«Tat«d  w 

deprened  till  thelaeiull  ai^im«d  lualu 

the  most  dltUnet  view  at  Om  6t^tt  am 

the  itaga     Opaque  objecia  are  Ulniniiiattd  by  abnll'a  eije  leaa. 

By  ludng  leasee  of  different  fad,  magni^dsg  powen  maj  ba  ob- 
tainod  vith  this  instrument,  Taiying  from  two  to  one  htiBdrvd  aad 
twenty  ditttneten. 

SOS.  Tb«  oampomd  mfcaroaoopa  oonsEsta,  casentutlly,  of  two 
lenseB,  so  smnged  that  when  an  otyect  ia  pUoed  »  Httla  fe- 
j/ond  the  principal  focus  of  the  first  lenai  its  image  may  be  ton  ml 
in  the  principal  focus  of  the  second  lens,  by  which  it  ■  Tkwad 
u  an  object  is  viewed  by  a  coounon  magnifier. 

The  arrangement  of  the  lenses  in  the  compoand  nderoaeopa  !• 
iboKii  In  fig.  444,  and  also  the  pod^on  of  the  olgect,  and  tba  loMigw 
both  real  and  TirtsaL 

The  object,  >  r,  bdng  placed  near  tbc  first  lena,  a  1,  eallad  tba  ok- 
Jeet-gUas,  as  image,  inTerted  and  much  enlai^jad,  is  fomad  at  JI  A 
in  tbe  fooDB  of  the  second  lens,  if  e,  called  the  eye-^a«>  By  lUa 
Jaai,  the  rays  are  tranmltted  slightly  diTergent,  and  la  the  aaael 
oMdUion  to  produce  distinct  vision  when  rieved  by  the  eya,    n* 


804.  Dentibe  Raspail's  dissecting  mieroecope.  BOS.  What  •>«  the 
winnriil  parts  <d  A  compound  microscope  t  Deecribe  the  actiss  «f 
th«  emnpoond  ndaroiMpe. 
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rays  tmisniitted  through  the  eye-glaaB^  if  tnoed  backward  to  the 
distaiiee  of  distinct  Tision,  form  a  yirtaal 
image  at  R  S,  much  larger  than  the  real 
image  B.  8,  formed  by  the  action  of  the 

iSuEn  a  compound  microscope  as  the  one 
shown  in  this  figure,  is  subject  to  chromatic 
and  spherical  aberration,  and  the  image 
yiewed  by  the  eye  is  not  straight  as  shown 
in  the  figure,  but  curred  so  as  to  appear 
convex  towards  the  eye.  These  imperfec- 
tions are  almost  entirely  corrected  in  the 
aekrmnatie  compound  microscope  described 
in  819. 

806.  T1&«  talMoope  is  an  instrument 
constructed  for  viewing  dSstant  objects. 

Telescopes  are  of  two  kinds.  Refiracting  telescopes  are  con- 
structed of  lenses.  Reflecting  telescopes  contain  one  or  more 
metallic  reflectors. 

807.  Thio  telaaoqpe  used  by  Galileo  in  1600,  is  the  oldeit  form 
of  which  we  have  any  definite  description.  The  Galiletn  telescope 
consists  of  a  convex  lens,  of  long  focus,  and  a  concave  lens  of  short 
focus  placed  at  a  distance  apart,  equal  to  the  difference  of  their 
principal  focL  The  light  firom  distant  objects  collected  by  the 
large  surfiw^  of  the  convex  field  lens,  is  brought  to  such  a  state 
of  divergence  by  the  concave  eye-lens  as  to  produce  distinct  vision 
in  the  eye. 

The  magnifying  power  of  the  Galilean  telescope  is  found  by 
dividing  the  principal  focus  of  the  convex  lens  by  the  prin- 
cipal focus  of  the  concave  lens. 

The  convex  lens,  M  N,  tig,  446,  tends  to  form  an  image  of  a  distant 
object,  A  B,  very  near  its  principal  focus,  as  at  a  6.    The  concave 

446 


lens,  E  F,  being  placed  between  the  convex  lens  and  the  image,  m  h, 

806.  What  is  a  telescope?  How  do  refiracting  telescopes  differ 
from  refleoting  telescopes?  807.  How  is  the  Oalilean  telescope  eon* 
structed  7   Explain  the  action  of  this  telescope  by  reference  to  fig.  446. 


KMAhb  Uh  tnja  vhioh  vere  coDVcrgiag  U>  a,  ^ghUy  diTeFgenl,M 
thoo^  MauiAting  from  a  point,  a',  at  iJic  di»taDe«  of  the  dut^^^ 
'TtaUlBi  •boot  tea  mcliea.  Tha  aame  effect  ia  produced  on  tile  t^* 
MBnrgblf  to  i.  The  directioD  of  the  oblique  peatiU  is  cliMigad. 
■■IthaaidMmitfeHaf  tli«iai&gt:  appctr  ia  the  leoondary  sie*  «  O  t', 
■ai  tO' V,dniwD  from  •  >ad  ft  through  (7,  the  optical  centra  ot  Ik* 
hM  BK  It  is  cBpeciall;  to  benoticfd.  that  vbilvtJie  rny ■  fram  knj 
■atpoMlMtlie  object  ue  randarcd  parallel,  or  aligliUy  dirergent  hy 
tt«  MMftTB  tenE.  tli«  ptncils  from  tlie  eitr«nie  pidnU  converge  at  ff 
■MdlVNT*  tban  at  0,  making  Iha  viauol  angle  ■'  O  t',  UDder  which 
ttaotjflot  iBMcn  by  the  tclexjope,  macb  greater  thaji  tb«  Tiwal 
a^m mOt,  vndm wUA Ih* oI^mI vwdd anpMr wl*M»lha Wk- 

BiMt'thaMi^^  0  Jkaqwl  to  «  OJ^aiid^  O' ftoMtf  i» 

C  P.  wd  th*  iM|«  ■<  I' qipMn  M  n»*  FMlw  Ihu  1^  d|H» « 
Iha  fcg«i  O  P  «t  tt*  MM  v«  Una  <nMd*  Am  IboM  0^  i',  if  dM«M> 

7b  opanhffUtt  eon^ta  gounUj  of  two  Q«1I1mb  takmaofm, 
phoed  UMU  together,  to  ■llow  of  distiiict  rirfoa  b;  both  t^m. 

Kiffht-flanei,  lued  bj  swmen,  an  orastnicted  lik*  larsa  op- 
era-gltsses.  They  seiT«  to  coocentrate  a  large  amoant  of  Hgfct 
in  Rich  a  oonditioii  as  toallow  of  ffiatinct  Tidon,  and  thaa  a^riria 
the  eye  to  see  otqects  distinctly  in  the  ni^t  Ib^  ham  &  lav 
magnifying  power. 

With  the  Qalilean  talcaoopeinallitafoniu  the  ot;(Mtapp«anM«Ki 

808.  Tha  aatranawiloal  tolaaoopo  may  be  oooatraoted  wiQi  ■ 
oonrex  lens  placed  beyond  the  image  fonned  by  Sm  fidd  tat. 
The  second  lens  then  magnifies  the  image  fiwioed  bj  the  flnt 
tens.  The  object  appean  inverted,  but  this  occasiona  ray  little 
inconvenience  in  astronomical  obaervationa, 

809.  Bya-piaoea  for  both  microaoopes  and  telcacopea  eoi^st 
of  two  or  more  lenses,  so  airanged  as  to  magnify  the  image  fiwined 
1^  the  object-^ass,  with  somewhat  lees  spherieal  and  ciiroinatie 
abwntioD  than  if  a  single  lens  only  were  used. 

(a)  n«  po*iHtt  efe-pieee,  inrented  by  Ramsdcn,  consiits  of 
two  piano  convex  lenaea,  with  their  convex  Murftcca  turned  (owaids 
each  other,  and  placed  at  such  a  distance  that  tbeot^ector  ima|a 


What  i*  the  atmetore  of  tlia  eommoo  opera-glaMt  Wbal  are 
night  glavaat  808.  Deaeribe  the  aatronoinlcBl  t«l«caM.  BOt. 
Whataranra-tleMal  Deaoribe  the  poaitire  eys-pieM.  WhydoM 
it  prodoea  um  ehnoatla  abarratioD  than  a  aiDgle  leu  t 
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to  be  Tiewed  by  it  is  seen  distinctly  when  brought  very  nearly 
in  contact  with  the  first  lens.  The  spherical  aberration  produced 
by  this  eye-piece  is  only  about  one-fourth  as  much  as  if  a  single 
lens  were  used.  The  chromatic  aberration  also  is  less  than  with 
a  single  lens. 

Let  FF,  fig.  446,  be  the  field  lens,  and  j^^  the  eye  lens  of 
the pMitire ciye-itteoeu    l^m%  446 

be  an  iBMfe  ftrmedbj  the  dijaet. 
glass  ehhcr  of  a  talMOope  or  a' 
microscope,  then  eadi  ray  ftom 
the  image  on  passing  the  lens 
F  F  becomes  colored,  6  «,  &  v, 
representing  the  violet  rays,  and  er^hr^  representing  the  red 
rays.  The  red  rays,  which  are  least  refracted  by  the  first  lens, 
fall  near  the  borders  of  the  second  lens,  where  the  refiractive 
power  is  greater  than  where  the  more  refrangible  riolet  rays  fall ; 
hence  the  second  lens  tends  to  correct  the  chromatic  dispersion 
of  the  first,  and  the  violet  and  red  rays  enter  the  eye  very  nearly 
as  though  emanating  from  a  common  point  This  is  an  import- 
ant excellence  of  the  positive  eye-piece ;  but  a  yet  more  important 
advantage  of  this  eye-piece  is,  that  the  image  is  less  distorted  than 
when  only  a  single  lens  is  used. 

(5)  The  negatite  eyepiece,  which  was  invented  by  Huyghens, 
consists  generally  of  two  piano  convex  lenses,  having  the  convex 
surfJEu^es  of  both  turned  towards  the  object  glass.  The  two  lensea 
are  placed  at  a  distance  from  each  other  equal  to  one-half  the  sum 
of  their  focL  The  image  is  formed  between  the  lenses.  This 
arrangement  considerably  enlarges  the  fields  of  view,  and  besides 
diminishing  the  spherical  aberration,  the  chromatic  aberration  is 
less,  and  is  more  equalized  in  all  parts  of  the  field  than  in 
other  eye-pieces. 

The  action  of  the  negative  eye-piece  will  be  more  folly  explained 
in  connection  with  the  compound  achromatic  microscope.  (819.) 
In  the  most  perfect  form  of  the  negative  eye- piece,  according  to  Pro£ 
Airy,  the  first,  or  field  lens,  is  a  meniscus  whoee  radii  are  as  four  lo 
eleven,  with  the  convex  side  toward  the  object,  and  an  eye-lens  hav- 
ing the  form  of  least  spherical  aberration  (767)  with  the  more  convex 
side  towards  the  object 


Descril>e  the  negative  eye-piece.  What  is  said  to  be  the  best  form 
of  the  negative  eye-piece  1  How  many  lenses  in  the  terrestrial  eye- 
piece 1    What  is  the  stmotare  of  the  common  spy-glass t 


^  n§  JiruMWrf  f*fii 


mUtt»  9MntoB,S^ietinBtiibeMnnrtMtIvgiEraMtti 
JiiiartH  of  the  tpeo^am.  and  an  tj^fteet.  »f,  phnd  at  iM 
ndc  of  tbo  opta  md  of  tbe  tube.     Tbe  mxk  of  tha  ■ 


d  b  J  the  dotted  line  a  .v.  u 
ftOin;  OB  CTCiT  part  of  tbe  speculum,  will  be  njltirtij,  a 
|iiiK  to  tbe  tide  of  tbe  tube  wbcre  the  ere-faaea  ia  pteced  to  n- 
cein  Unb.  Tbe  uieof  tbe  tube,  and'tbe  in^MtisB  of  A* 
UDi  of  tbe  apffnliim,  is  so  adjusted  that  tbe  ef«  at  the  ob«nv 
m^  ba  placed  at  f  witboat  intere^rting  aay  part  of  the  V^ 
Vhkh  «Mi  feU  npon  tbe  ■peculum  in  nKh  a  direeliaB  M  to  ba  n- 
Seeled  to  die  ejv-piece. 

Gto  VUHaa  HcnebcT*  Braat  telMoopc  had  a  ipeealam  fbu  fett  ta 
dIawiMi.  tbNc  aad  a  half  iachw  thick,  vcigfaiBg  two  Ihiiwaail  •■• 

■IL   OvNriba  tha  rtnetar*  and  action  of  Hcndi«n  tilmmi 
Vkal  wa  tba  iThiMrinin of  Sr  Williaa Henehd'i  fiaat  'f nil 
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hundred  and  eighteen  ponndu  Ita  focal  length  was  forty  feet^  and  it 
waa  set  in  a  thee^iron  tube  thirty-idne  and  a  half  feet]  long,  and 
four  feet  ten  inehee  in  diameter.  When  directed  to  the  fixed  stars  it 
would  bear  a  magnifying  power  of  six  thonsand  four  hundred  and 
fifty  diameters 

This  ia  called  the  front  tIcw  triesoope,  because  the  obeerrer  sits 
with  Ills  baek  to  the  ol^|«et  and  looka  into  the  front  end  of  the  tele- 
scope. 

81S.  Loid  Hoim^  tuimoapm*  Byte  the  largest  reflecting 
telescope  eyer  constructed  was  made  by  the  Earl  of  Rosse.  It 
was  commenced  in  1842,  and  wasso  fiur  completedas  to  be  used  for 
the  first  time  in  Feb.  1845. 

The  great  speculum  is  six  feet  in  diameter,  has  a  focal  length 
of  fifty-four  feet,  and  weighs  four  tons.  An  additional  speculum 
to  be  used  in  the  same  instrument  weighs  three  and  a  half  tons. 
The  tube  is  of  wood,  hooped  with  iron,  and  is  wwrnk  Ibet  in  diam- 
eter, and  fifty-two  feet  in  length. 

This  telescope  has  fittings  to  mount  the  eye-pieces  either  for  firont 
view,  as  in  Herschel*s  telescope,  or  at  the  side  of  the  telescope,  as  in 
the  Newtonian  form,  a  small  speculum  placed  at  an  angle  of  45%  reflect- 
ing the  rays  at  a  right  angle  through  an  orifice  in  the  ride  of  the 
tube,  where  the  eye-piece  is  placed. 

The  base  of  the  instrument  is  supported  upon  a  uniTersal  Joint ; 
and  by  chains  and  windlasses  this  mammoth  telescope  is  moTcd  with 
ease,  between  two  lofty  walls  supporting  movable  galleries,  which 
enable  the  obserrer  to  follow  the  instrument  in  any  required  position. 

The  amount  of  light  on  any  surface  being  as  the  square  of  the  di- 
ameter, if  we  reckon  the  pu]kl  of  the  human  eye  at  one-tenth  of  an 
inch  in  diameter,  this  telescope  will  be  seven  hundred  and  twenty 
times  as  broad  as  the  pupil,  or  have  an  area  five  hundred  and  eight- 
een thousand  and  four  hundred  times  as  great  as  the  unaided  eye. 
If  one- half  the  light  is  lost  by  reflection  from  the  mirror,  we  shall 
still  have  two  hundred  and  fifty  thousand  times  as  much  light  as 
eonmionly  enters  the  eye.  We  need  not  wonder  therefore  at  the 
marvellous  power  with  which  this  instrument  penetrates  the  re- 
moter regions  of  celestial  space. 

818.  AobroBiatio  tateaoopes. — ^The  principle  of  achromatism 
has  been  briefly  explained  in  section  778,  where  it  has  been 
shown  that  a  conyex  lens  of  crown  glass  may  be  combined 
with  a  concave  lens  of  longer  focus,  made  of  flint  glass,  which 


818.  What  are  the  dimensions  of  Roese's  telescopel     813.  W!m». 
forms  of  lenses  are  used  in  aehromatio  telesoopeaX 
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has  a  higher  refractiTe  and  dispersive  power,  the  oombinatioQ 
producing  refraction  without  dispersion,  and  conAequentlj  form- 
ing an  image  firee  from  the  primary  prismatic  colon. 

Tbe  common  fonn  of  achromatie  cmnpouid  lent  is  a  piano  cob- 
cave  lens  of  flint  glass*  united  with  a  double  convex  lena  of  crow 
glaaa  Such  lensea  are  found  in  opera- glasses  and  ijtj  glasftit,  called 
achromatic,  used  both  on  land  and  at  se^  This  fovm  of  Isai  ii 
also  often  employed  in  the  Hmaller  astronomical  taleseopea.  But  in 
such  glasses  a  certun  amount  of  spherical  aberration  ramaana  nBco^ 
rected. 

To  secure  perfect  correction  of  spherical  and  ehromatie  aberrstioa 
at  the  same  time,  a  double  concave  lens  of  flint  glass  haa  been  plae«3 
between  two  double  convex  lenses  of  crown  glass,  the  enrved  iio^ 
laced  of  the  several  lenses  being  carefully  estimated  in  view  of  th« 
refractive  and  dispersive  powers  of  the  two  kinds  of  glaaa  emplojcd 

The  refractive  and  dispersive  powers  of  glass  are  ao  variable,  tbst 
the  optician  is  obliged  to  determine  them  anew  for  every  new  fp«ei- 
men  of  glass,  and  estimate  again,  by  the  fonnulie  already  given,  the 
propt)rtional  curvatures  of  the  lenses  to  be  constructed  from  it 

Sir  John  Hersdiel  found  that  an  achromatic  object-glass  of  the 

fonn  shown  in  fip.  449,  will  be  nearly  free  from  spherical  aber- 

44 1»     ration,-  if  the  exterior  surface  of  the  crown  lens  is  6'7i 

Ajf-\B     and  the  exterior  surface  of  the  flint  lens  14*20,  the  focal 

Icn^rth  of  the  combination  being  lOOO,  and  the  interior 

surfaix's  of  the  two  lenses  being  computed  from  these 

data  to  destroy  the  chromatic  aberration  by  making  the 

fooal  lonjrths  of  the  two  glasses  in  the  direct  ratio  of 

thoir  disporsivo  powers.     The  two  interior  surfaces  iliat 

ronio  in  contact  may  be  cemented  together  if  the  lenses 

ari^  su)all. 

I  'M\\  quiio  roooiitly.  nlmo>t  iiisuptTaUe  obstaclez^  interfered  with 
iho  luiinui'iw'turo  of  tliiii  ^1a:v  in  large  pieces  of  uniform  density,  free 
tivin  \fiii;«rtiul  inj|Hrfeotion!*. 

1u  ISi'S.  an  sohrt*niiiiio  Icn.-*  fourtoen  inche;*  in  diameter  was  coD»id- 
riv.l  A  I  nil'  marvil  \*t  optical  art.  Tin-  oliji-ct  glass  in  the  gn-at  schn> 
xwAiw  ritVa^'iini:  toUiifopo  nt  r:iniliri»lico.  Ma*;*.,  (one  of  the  lar:;e^t  in 
\i«t-  ^  i«  itl'oui  >i\tftn  liichcii  in  dianiotrr.  with  a  cK-ar  aperture  of  df- 
Uk'w  uu'hc«,  and  ii  i'o»t.  unnitiuntt'd.  al^out  :^15.«M»n.  M.  Boutiiui]4.  s 
V^viuh  nvJiM.  I'UJploMul  in  the  glassworks  of  Mf>-n«.  C'hunco.  Broth- 
cv*  «t  i'lv.   Un'niinixhiuu.  V'n.L'..  Iia*  Muvi-ided  in  pro.hioinLr  a  di*k  vf 


\\  hAt  1*  iho  Ih-nI  fofni  i>f  urhroniatio  ItMis?     bl4.  How  are  equs- 
losml  ux%'uulinir*  r*'r  ichsoopcs  const ruotoJ  ? 
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flint  glass  twenty-nine  inches  in  diameter,  two  and  a  half  inches 
thick,  weighing  two  hundred  pounds,  and  pronounced  by  the  most 
skillful,  opticians  very  nearly  foultlesSb 

814.  Bqoatoiial  moimtliigi  for  UliMoop«b--Tnth  telescopes  of 
great  power,  the  diurnal  motion  of  the  earth  cauies  a  celestial 
object  to  pass  out  of  the  field  of  view  too  rapidly  to  allow  of  sat- 
isfactory observation.  To  obviate  this  difficulty,  a  system  of 
machinery  called  an  equatorial  mountings  has  been  devised,  to 
give  to  tbe  telescope  soibh  a  uniform  motion  as  to  keep  any  ccles- 
tial  object  constantly  in  the  field  of  view.  An  axis  firmly  sup- 
ported is  placed  parallel  to  the  axis  <tf  the  earth,  and  is  caused  to 
revolve  by  dodc-work  with  a  motioh  exactly  equal  to  the  siderial 
motion  of  the  heavena.  A  lecond  axis,  across  which  the  tele* 
scope  is  mounted,  is  mounted  upon  the  first  axis,  and  at  right 
angles  with  it  The  telescope  can  be  elevated  or  depressed  in 
declination  by  motion  of  the  second  axis,  and  it  can  be  moved  in 
right  ascension  by  motion  on  the  first  axis.  When  the  telescope 
has  been  thus  directed  to  any  celestial  object,  it  may  be  clamped 
on  both  axes,  and  the^movement  of  the  clock-work  will  cause  it 
to  follow  the  motion  of  the  object  in  the  heavens. 

815.  The  Oambridge  tetosoope  with  equatorial  mountlDgs  is 
shown  in  fig.  450,  copied  ft*om  a  figure  by  Prot  Loomis. 

It  stands  on  a  granite  pier  surmounted  by  a  single  block  of  granite 
ten  feet  in  height*  to  whieh  the  metallie  bed-plate  of  the  telescope  is 
secured  by  bolts  and  serewa  It  is  covered  by  a  dome  moving 
on  a  circular  railway,  whieh  is  easily  rotated  lo  as  to  allow  the 
great  telescope,  twenty- three  feet  in  length,  to  be  Greeted  to  any 
part  of  the  heavensi  A  narrow  window,  closed  by  shutters  moved 
by  chains,  is  opened  when  the  telescope  is  in  use.  Tlie  hour  circle 
attached  to  the  equatorial  asis  Is  eighteen  inches  in  diameter,  divided 
on  silver,  and  reads  by  two  vernier^  to  one  second  of  timsi  The 
declination  circle  is  twenty-six  inches  in  diameter,  divided  on  silver, 
and  reads  by  four  verniers  to  four  seconds  of  arc 

The  movable  portion  of  the  telescope  and  machinery  is  estimated 
to  weigh  about  three  tons,  but  it  is  so  perfectly  counterpoised  and 
adjusted  that  the  observer  can  direct  the  instrument  to  any  part  of 
the  heavens  by  a  very  slight  pressure  of  the  hand  upon  the  balance 
rods.    This  great  achromatic  telescope  has  eighteen  dUTerent  eye- 


815.  Describe  the  Cambridge  telescope  and  its  mounting.     What 
is  its  range  of  magnifying  power  ? 


of  the  (anas  otti  in  telescopos,  are  very  rniMttshctOTy.  Tn  flw 
first  pUco  it  is  found  excuedingty  diffitnilt  to  construct  rach 
I  lenses  suffidentlj  smsll  for  the  high  magniffing  ptmcTs  rwiuind 
~a  the  microscope.  Secondlj,  the  largest  achromatic  l«o»as  hr 
telescopes  hao«  but  a  ttmall  diameter  in  proportion  to  tbn  luiglh 
of  their  foci,  and  if  lenses  for  the  microec«p«  hare  a  diamota 
•qually  smalt  in  proportion  to  their  foci,  tUcy  admit  loo  IIIU* 
light  to  bo  of  much  practical  utility.  But  if  their  diameter  is  in- 
creased, the  light  admitted  through  the  hordera  of  the  lannM 

ater«d  in  ■ppljrlng 
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produces  fringes,  with  colors  in  the  inTerse  order  of  the  solar 
spectrum,  showing  that  while  the  color  is  perfectly  corrected  in 
the  centre,  the  correction  effected  hy  the  concare  lens  is  too  great 
at  the  margin. 

817.  XiatM^  apluiatio  fod,  and  ooippoiuid  ol^Mthraa^-The 
discoveries  of  Joseph  Jackson  Lister,  Esq.,  read  before  the  Royal 
Society  in  1830,  have  proved  of  the  utmost  value  in  perfecting  the 
compound  achromatic  microscope.  His  preliminary  principles  are 
Ist,  that  piano  convex  achromatic  lenses,  shown  in  fig.  487,  are 
most  easily  constructed.  2d,  that  if  the  convex  and  concave  lenses 
have  their  inner  surfeces  of  the  same  curvature,  and  are  cemented 
together,  much  less  light  is  lost  by  reflection  than  if  the  lenses 
arc  not  cemented.  Mr.  Lister  discovered  that  every  such  pUno 
convex  achromatic  combination  as  .i  .i,  fig.  461,  has  some  point, 
as  /,  not  far  flrom  its  principal  **^ 

focus,  from  which  radiant  light       .  .JUm.y^ 

falling  upon  the  lens  will  be  trans-  ^^ 

mittedfrce  also  from  spherical  ab-   ^    ' 

erration.    This  point  is  therefore  4-^    -v^- 

called  an  aplanatie/oeu$.  The  incident  ray,  /  ^,  makes  with  the 
perpendicular,  i  </,  an  angle  considerably  less  than  the  emergent 
ray,  e  g,  makes  with  e  h^  the  perpendicular  at  the  point  of  emer- 
gence. The  angle  of  emergence  is  nearly  three  times  as  great  as 
the  angle  of  incidence,  and  the  rays  emerge  from  the  lens  nearly 
parallel,  or  converging  towards  a  focus  at  a  moderate  distance 
from  the  lens. 

If  the  radiant  point  ia  now  made  to  approach  the  lent,  so  that  the 
ray  /  d  e  g  becomes  more  divergent  from  the  axis,  as  the  angle*  of 
incidence  and  einergenee  become  more  nearly  equal  to  each  other, 
the  dplicrical  aberration  becomes  negative  or  over-corrected.  Bat  if 
the  radiant  point,/,  continues  to  approach  the  glass,  the  angle  of 
incidence  increases,  and  the  angle  of  emergence  diminishes,  and  be- 
comes IcM  than  the  angle  of  incidence,  and  the  negative  spherical 
aberration  produced  by  the  outer  curves  of  the  compound  lens,  be- 
comes again  equal  to  tlie  opposing  positive  aberrations  produced  by 
the  inner  curves  which  are  cemented  together.  When  the  radiant 
has  reached  this  ])oint,  /',  (at  which  the  angle  of  Ineidence  does  not 
exceed  that  of  emergence  so  mnch  as  it  had  at  first  eome  short  of  it,) 
the  rays  again  pass  the  glass,  free  from  spherical  aberration.  The 
point/'  is  called  the  shorter  aplanatic  focus. 

817.  Whose  discoveries  have  principally  conduced  to  obviate  these 
difiiculties?  State  Mr.  Lister's  two  preliminary  prineiplea  E^lain 
the  phenomena  of  aplanatic  foei  of  achromatic  lenses. 
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For  aUpointi  UtWMn  the  two  apltturtk  fed/aiid/'lh^iftefad 
fllMmtion  b  oTOTHOorreeted,  or  negfttiTo ;  iwd  for  all  ndlBBi  poMi 
nuMre  dbtaot  ihaa  the  longer  apknatie  foeni  f^  or  l«a  dfalai 
the  ehorter  ^Unafeie  foone  /»  the  ^herioal  abemtioB  la 
oorreeted*  or  poritlrf.  Theee  aplautle  foel  have 
lar  property.  If  a  ladiaiit  pelat  la  am  oblifiia  or 
ask  it  situated  al  the  dictanae  of  the  loagcr  aplaMtia  %amm^  the 
imafe  eilaated  ia  the  eoneepoadbg  ooijwgitafcwa  irfD  aet  ha 
■harply  deflBed^hut  willhavo  a  oobmi  eataidiag  a«tpati^.4|plartiiy 
the  fanagc  If  the  ehorter  aplaaatio  Iboai  ii  vM*  &•  la^a  af  a 
pi^at  ia  the  ieeoadary  ask  wfll  !»«»*  •.^iiM^^»4ai*«^||^^ji|fc^ 

eeatee  of  the  Add.  Olicee  pecnliailtles  of  the  mim  pioiMai  ^ 
oUlqoe  peneib  are  fomid  to  be  laMparahU  attandanla  «a  tta  tva 
aptaaatiofoeL 

Tbeae  principles  ftmiahtlieiiieaiia  of  antizvly  oonnaalli^  balk 
ohromatic  and  sf^ierical  aberratioiii  and  of  deattmyinytha 
of  oUiqoe  peodk,  and  alao  <tf  tranamitting  a  [ 
lig^.ft'oa  from  afory  ^peciea  of  ornxr* 

Two  piano  oonvez  adiromatic  lenaeai  AM^%^  4SS^  ara  m  »* 
ranged  that  the  light  radiating  from  the  shorter  aplanatie  fi>cua  ef 
the  anterior  combination,  is  received  by  the  second  leoa  in  the 
direction  ^i  f\  its  longer  aplanatie  focus. 
If  the  two  compound  lenses  are  fixed  in  this  position,  tibe  ra- 
diant point  may  be  mored 
backwards   or   fewaidi 
within   moderate  limiti^ 
and  the  opposite  errors 
of  the  two  oompoand  len* 
ses    will    balance    eadi 
other. 

Achromatic  lenses  of  other  forms  haye  similar  propertieB.    It 
is  found  in  practice  that  larger  pencils  free  from  ecrore  can  be 
408         transmitted  by  employing  three  compound  lenasi^ 
.the  middle  and  posterior  combinationa  being  ao 
united  as  to  act  as  a  single  lens,  together  balancing 
the  aberrations  of  the  more  power^  antericv  com- 
binations.   Fig.  453  shows  a  common  form  of  the 
tr^  apUnatic  and  achromatic  objectire,  used  Ibr 
the  compound  mtotoaoope. 


452 


What  is  the  character  of  the  aberration  for  radiant  points  betweea 
the  aptaaatie  foeiT  What  phenomena  are  obeerveo  with  oUiooa 
peneuif  How  are  two  aobromatio  lenses  combined  to  prodaoe  tha 
fnirKlsait  What  adTantage  is  obtained  by  combining  three  eoas* 
pound  leaesst 
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818.  Aberration  of  glass  oover  corrected. — If  an  object 
Tiewed  witb  an  acbromatic  microscope,  wbicb  has  all  its  aberra- 
tions corrected  for  an  uncovered  object,  is  covered  with  even  a 
thin  film  of  glass  or  mica,  spherical  aberration  is  again  produced, 
thus  sensibly  impairing  the  distinctness  of  vision  when  a  high 
power  is  used. 

Let  ahc  d,  fig.  454,  be  a  film  of  glass  or  miea  bounded  by  parallel 
surfaces.  If  rays  of  light,  diverging  from  O,  pass  through  this  film, 
the  ray,  O  T  R  E  will  suffer  greater  displacement  than  the  ray 
0  T  R  E,  which  makes  a  smaller  angle  with  the  perpendicular  O  P. 
If  Ji  E  and  R  E  are  extended  backward,  they  will  cross  the  axis  or 
perpendicular  at  the  points  Xand  F.  This  separation  of  the  points  X 
and  Y  is  exactly  similar  to  the  spherical  aberration  of  a  concave 
lens,  and  is  therefore  called  negative  spherical  aberration.  Chro- 
matic aberration  is  also  produced  by  the  same  means.  The  effect 
observed  by  the  eye  in  such  cases  is,  that  lines  454 

are  not  so  sharply  defined,  and  the  outline  of    p  ij  e' 

an  object  appears  bordered  with  broader 
fringes,  with  colors  of  the  secondary  spectrum 
upon  the  borders  of  the  object  These  errors 
are  easily  corrected  by  diminishing  the  dis- 
tance  between  the  anterior  and  posterior  com- 
binations of  the  compound  objective,  which  is 
furnished  with  an  adjusting  screw  for  this  purpose. 

810.  The  compound  achromatic  microscope  is  composed  of 
the  triple  achromatic  objective,  AM  P^  fig.  455,  and  the  negative 

455. 

S       --.T-  ■  .. 

1\  V 


eye-piece,  formed  of  the  field  lens  FF^  and  the  eye  kna  E  E. 

818.  What  effect  is  produced  by  covering  on  object  with  thin 
glass  7     Explain  how  a  plate  of  glass  produces  spherical  aberration 
of  diverging  rays!     Why  is  this  called  negative  aberration  ?    How 
is  this  aberration  corrected  in  the  compound  achromatic  objectlvi 
81 9.  What  are  the  essential  parts  of  a  compound  aAromsUaJ| 
crotcopef  ^ 

A  22 
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The  leelioii  shown  in  the  figure,  shows  how  the  light  Is  aoUd  nptm 
in  pesdng  through  the  different  perts  of  the  instrnmaiL  TmmSk  of 
nys  from  ell  perts  of  the  object «  i,  pass  throogfa  the  eonpovBd  ob- 
jeetiTe  AMP,  and  tend  to  form  a  red  image  at  JIJS,  and  a  violet 
image  at  V  V,  the  objeet-gloss  being  slightly  over-oofTMted,  so  as 
to  prefect  the  Tiolet  rays  as  fiur  bejoadHhe  led  aa  jMjy'-ba  aeeaassij 
to  make  up  for  the  want  of  abeolate  aehromatisHi  In^'^fK  Bjapftaosi 
The  eoBiTcaging  pencils  8  C,Tw  hwsg,\i^Witif/ttd.hf;^3iM  lens  F^ 
are  foreshortened,  and  at  the  same  .tim«  the  latawlpaiiaflB  are  bead 
inward,  so  that  the  images  vv,rr,  are  smaller,  newnr  togetlMr  than 
V  V,  E  B,  and  cnnred  in  an  opposite  direotieiL  The  rav^ 
the  enrratnre  of  the  images  is  produced  by  the  farm  of  tba  Md 
which  meets  the  central  pencil.  C,  much  fitrther  from  tba  ii 
V,  R  R,  than  where  it  meets  the  lateral  pencils  8  Tf  iShmk  tiM 
of  the  central  penoU  is  more  shortened  than  the  othenL  Th«  Md 
leos  of  the  negative  eye-piece  does  not  rererse  the  eiirvatar%  ia  crwy 
Tarie^  of  instrument,  but  it  always  changes  the  font  of  tbo  Imagss 
00  as  to  improve  the  definition.  The  riolet  rays  5  a,  2"  a,  fisll  vpoa 
t^  eye-lens  nearer  its  axis,  than  the  red  rays  5  fl^  Ta^  whiA  aie 
lass  refirangible,  and  hence  the  eye  lens  counteracts  the  divergeaee  ef 
the  colored  rays  which  were  separated  by  the  field  lens,  and  caosss 
them  to  paBs  to  the  eye  bo  nearly  parallel,  that  they  appear  to  di> 
verge  from  the  Bnme  point  of  the  virtual  image  iS  T,  formed  at  the 
distance  of  dUtinct  vision.  The  distance  between  the  red  and  violet 
images  r  r,  t>  v,  is  just  equal  to  the  difference  between  the  red  and 
violet  foci  of  the  lens,  and  these  images  being  curved  jnst  enough  to 
bring  every,  part  into  exact  focus  for  the  eye  lens,  the  eye  oess  ths 
image  at  S'  T,  spread  out  in  its  true  form  on  a  flat  field. 

By  means  of  this  beautiful  system  of  compensations,  for  the  Toiioos 
errors  of  chromatio  and  spherical  aberration  and  curvature  of  the  im- 
age, which  interfere  with  the  performance  of  a  single  lens,  the  com- 
pound achromatic  microscQpe  has  been  brought  to  a  degree  of  per- 
fection uosurpa£ee<i  by  any  instrument  employed  in  practical  physicsL 

820.  Angular  aperture. — The  amount  of  light  by  which  any 
point  of  an  object  appears  illuminated,  depends  on  the  anguhir 
breadth  of  the  pencil  of  light  by  which  it  is  viewed.  The 
gular  breadth  of  the  pencil  of  light  which  a  lens 
called  its  angular  nurture. 

The  mintite  details  of  an  object  viewed  by  a  microscope,  ate  seen 
with  greater  distinctness,  in  proportion  to  the  angular  aperture  of 
the  object  glass  employed. 

For  what  purpose  is  the  object  glass  over-corrected  1  fizplaiu  the 
nation  of  the  negative  eye- piece  in  connection  with  the  aeLraBatie 
"^^  ~  '  'w%,    8M.  what  is  meant  by  angular  aperture  I 
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In  fig.  tSt,  A,  B,  C,  D,  shov  tha  (aeMtdve  appeirancM  of  ■  tnna- 

verBeseclionofvood,  by  regular  enUrgementa  of  tfae  angular  *p«rtan 


ofthemicroMopewith  which  it  was  Ti(ir»d.  The  aTailable  angnUr 
aperture  of  a  lingU  leni  aeldam  exccedn  fifte«D  or  twenty  d«grcM> 
Id  the  triple  achromatic  objective,  the  apeKure  Tor  ordinary  abaerTa- 
tionn  ha«  beeo  extended  lo  100°.  With  the  higheft  powan  used  for 
viewing  infuroria.  both  Engliah  and  American  opticians  httve  ad- 
vanced tJie  angular  aperture  to  1G0°,  and  in  eome  glaaaei  to  ITS*. 

821.  Ths  meoluiiloal  amngMMBt  of  UtB  talantoopt  is  veil 
exhibited  in  flg-  457,  407 

which  haa  been  engn. 
Ted  from  a  Tcry  excel- 
lent instrument,  manu- 
factured by  J.  &  W. 
Grunow,  New  Haven, 

The  inatrunient  it 
monntcd  on  tmnnions, 
which  allow  it  to  be  in- 
clined at  any  angle  The 
body  of  Uie  microKOpe 
it  moved  in  a  grooved 
aupport,  by  a  racic  and 
pinion  motion  for  adjuit- 
iog  tlie  fucuH.  The  etaga 
hasa  t^ne,  delirale  more- 
went,  by  a  Birew  and 
uillcd  head,  acting  upon 
a  1ev«r  at  the  back  of, 
the  inatmment,  bj  which 
movement  thefocnacan 
beudjuatvd  with  thent- 
moit  delicacy. 


TheitageltMlfoanbe        '-■ 
moved  freely  In  any  dl- 


^m^ 


How  is  tlie  deflnidon  of  an  otgeet  aTeeted  by  the  angular  magmm 
_,  __  _i,    .......    ^._  , , ^rtare  hai  beea  dlilDad 

«  meehamcal  •( 


TMtioa  hj  •  lever  at  the  right  A  mirror,  wmeaTa  on  om  M»  mi 
plana  oo  the  other,  U  so  moQDtcd  below  the  itaga  m  ho  ^r*  ft  m» 
dented  pencil  of  Itgbt  for  illamiiiKtiiig  the  object. 

FoUriung  apparatus,  and  other  looeaaoriea,  are  fitt«d  to  th«  atag*^ 
and  to  the  bodf  of  the  microacope. 
'839.  niamaglolBiitainuMi  instronunt  for  pKyecUng  opanK 
Bcreen,  imagee  of  tnutsparent  pictoTM  paintod  on  f^Mtm. 

A  lamp  ia  planed  in  a  dark  bos,  before  a  paraboUe  raflaetor,  Jf  IT, 
Sg.  as,  whtoh  throwB  the  light  apon  a  cohtck  len^  ^,  bj  whiA 
It  u  atroDgly  coadeneed  npoo  the  object  painted  cm  "tha  glaaa  riid^ 
inearted  at  C  D.  The  magni^ing  leni,  B,  forma  an  imafe  of  Um 
illandnatad  picture  upuu  a  Bcreea,  placed  at  iti  eonjugate  fben^  1W 
piotare  U  placed  in  an  iuvarted  poeition,  to  prodnoa  an  a 


A  great  Tsrietj  of  objects  painted  on  glaw  can  thne  be  exhibited 
either  for  omneement  or  inalruction.  The  mngnifying  poTcr  of  the 
magic  lantern  ia  equal  to  the  distance  of  tlie  ecreen  from  the  Icoa, 
B,  divided  by  llic  distance  of  the  lene  from  the  object. 

823.  The  iolar  mlcrcncope  is  a  epecies  of  magic  lantern  ilia- 
,  minated  by  the  sun.  It  is  however  much  more  perfect  in  its 
structure,  and  it  Is  commonly  employed  for  TJeiring  on  a  screen 
images  of  natural  objects,  very  highly  magnified. 

The  Btructure  and  erraugenieiil  of  tlie  aolar  microscope  arc  thovn 
in  fig- 439-  It  is  inounle.l  over  an  opening  in  I  lie  shutter  of  a  dark 
room,  on  tlioeidc  toiranlBthe  sun.  A  pi nue  mirror,  M.  is  eo  arranged 
out^ile  the  shutter  as  to  refleet  tlic  rays  uf  >iiiili^ht,  S,  through  the 
eoDdenung  ISH,  A,  into  the  miernscope.  By  turning  the  screw,  B, 
the  mirror  may  be  devatcd  or  depressed,  and  liy  means  of  another 


822.  What  is  the  magic  lantern  X  Describe  ila  conslrnctioo  anJ 
the  method  of  using  it  Uov  is  the  magnifyiiii;  pover  of  the  m«cte 
'— —  ' '-)dr    SiS.  What  is  the  eolar  microioope  I 
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Bcraw,  T,  it  can  be  rotated  on  the  axis  of  the  microscope,  so  as  to 
follow  the  motions  of  the  sun.    A  small  lens,  E,  moved  by  the  rack 

469 


and  pinion  with  the  milled  head  C,  serves  to  condense  the  light  upon 
the  object  slide,  O,  The  slide  O,  which  carries  the  object,  is  secured 
between  the  brass  plates  K  JST,  by  the  screws  H  H, 

The  object,  strongly  illuminated,  is  adjusted  to  the  focus  of  the 
small  lens,  Z,  (which  may  be  either  a  small  globule  of  glass,  or  a 
compound  achromatic  objective,  of  short  focus,)  and  an  image,  a  6, 
greatly  enlarged,  formed  in  the  conjugate  focus  of  the  lens,  ia  re- 
ceived upon  a  white  screen  placed  in  a  convenient  position.  By  di- 
minishing the  distance  between  the  object  and  the  lens,  L,  the  con- 
jugate focus  will  be  increased,  the  screen  may  be  placed  at  a  greater 
distance  from  the  lens,  and  the  magnifying  power  will  be  propor- 
tionally increased. 

Instead  of  employing  the  light  of  the  sun,  the  solar  microscope 
may  be  illuminated  by  the  electric,  or  by  the  oxhydrogen  light 

824.  The  camera  obacura  consists  of  a  dark  chamber  in  which 
external  objects  are  formed  by  the  aid  of  a  mirror,  and  a  concave 
lens.  This  instrument  affords  a  convenient  method  of  sketch- 
ing  natural  scenery.  ^ 

A  plane  mirror,  m,  fig.  460,  placed  at  an  angle  of  45°  with  the  ho- 
rizon, reflects  the  light  downward,  through  a  converging  lens,  placed 
in  the  top  of  the  dark  chamber.  A  sheet  of  paper  placed  on  the 
tabic  in  the  focus  of  the  lens,  receives  the  image  of  a  landscape  or 
other  object,  which  can  be  traced  with  a  pencil  by  th«  artist,  sitting, 
as  shown  in  the  figure,  with  his  head  and  shooldara  ptolected  from 
extraneous  light  by  a  dark  curtain. 

The  student  can  easily  prcfmre  an  instrument  of  this  kind,  by  in- 
serting a  spectacle  glass  in  an  orifice  in  the  top  of  a  box  about  two 


Describe  ita  construction  and  the  method  of  using  it    IM^  Di* 
scribe  the  camera  obsoura. 


ferthigli,  and  pkdng  ft 


non  ndrtOT  at  Ui«  reqidrad  »aff»  ahov* 
it.  Thep«prraBtlMteU«MBbtplM*d 
on  a  draTing  board,  and  flxad  at  Meh 
»  distanee  from  th<  lou  a*  giToa  Ik* 
mart  dutiDct  fana^  A  eloftk  thron 
over  tha  Hit  of  th«  box  whow  tha  ab> 
■ervOT  ilta,  will  dattan  the  dumber  n 
■*  to  pennit  ikatehta  to  be  made  with 
great  faidlity. 

Instead  of  tli«  mirror  and  loaa  afcowB 
in  fig.  4M,  a  reetangnlar  prim  k  olte 
Qwd  a*  a  rafleotor,  and  if  one  aide  of 
the  prbm  it  gronnd  in  the  fans  of  a 
•  part*  of  the  in 


890.  Wollattm^  oamen  Inedda  is  another  instmiMat  OMd 
ht  aketching  from  nature.  It  conaUts  of  a  priam,  a  i  a  ^  flg. 
4U,  of  Which  the  angle,  6,  is  a  right  angle,  the  an^  <  ia  18S*, 
lind  the  angles  at  a  and  c  are  each  67^°. 

It  !■  mounted  on  ■  suitable  stand,  and  the  eye,  P  f,  placed  a* 

-tril  shown  in  the  figure,  eeea  the  image  of  a  diuant 

object   aa  tliough  projected  upon  the  paper  JfJf, 

^rethc  outline  may  be  traced  b;  the  peouil  S.the 

seeing  the  image  and  the  pencil  at  the  aame 

;,     The  light  from  a  distant  object  entenng  (he 

m  nenrlj  at  right  anglen  with  the  face,  i  e, 

■c  suffere  toljil  reflection,  and  emerges  perpendic- 

to  the  face  a  b,  vhcn  it  enter*  the  eje,  and  ap- 

i^us  if  coming  from  tbepapcr,  S  N.    The  image 

projected  upon  the  paper  is  as  much  smaller  thin 

'  e  object  BB  itH  distance  from  the  priam  is  leu 

an  tbedbtancvoflheobjecL     The  image  can  be 

«  un3'  required  diiiierigiuus  b)'  varying  tbe  relative  dU- 

e  |)aper  and  (lie  object.     This  iustrUQlcnt  is  principally 

employed  by  artist*  for  sketching  landicapes. 

A  number  of  other  fonna  of  camera  lucidaare  employed  to  suit  dif- 
ferent pDqioses,  but  in  al!  of  tbeni,  cither  the  object,  or  the  pencil 
and  paper,  art  viewed  by  reflected  light,  made  to  coincide  in  direc- 
tion with  tlie  direct  W^Vt. 

826.  Fhotogiaphy  ie  the  art  of  producing  pictures  by  the 
chemical  action  of  light.  The  daguerreotype,  ainbrotype,  crys- 
talotype,  and  photo-lithograph,  arc  all  produced  bj  modiBed  ap- 


611   • 

plicaUons  of  the  cunent  obscunt  Instead  of  the  plftin  paper  aikd 
penci!  used  by  the  artist  far  sketching  with  the  camera,  a  surfoce 
of  silver  or  collodion,  made  sensitive  bj  iodine,  bromine,  or  some 
other  chemical  preparation,  is  placed  in  the  camera  and  subjected 
to  the  action  of  the  light  of  the  image  projected  there  bj  the 

A  camera  employed  fur  photography  in  anjof  iti  furmi,  require*  to 
be  achromatic,  and  also  tliat  the  chf  mtcal  ray*  ilwll  be  brought  to  a 
focud  at  the  same  point  ae  the  visual  ruye,  or  at  a  irell  i^efiaed  dli- 
taof  e  from  them.  As  objects  copied  by  pEiotography  are  seldom  flat, 
the  objective  of  the  camera  requires  to  be  so  cunrtmctsd  as  not  only 
to  give  perfect  definition  of  all  □bjectii  cituatsd  in  the  focal  plane, 
but  also  it  should  be  adapted  lo  Riva  tolerably  good  definitjou  of 
parts  of  an  object  that  are  situated  a  little  anterior  or  poat«iior  to 
the  Tocft!  plana. 

The  Dsnalrarm  or  the  camera  employed  in  photography,  ia  ritowa 
in  fig.  4(12.     The  aohromatic  c< 
lens,.i,  ia  attached  to  thelni  (7,  an. I  i-n 
be  moved  backwards  or  fonrar.l'i  I 
turning  the  milled  head,  D.    Tlie 
cond  liox,  B.  riidea-wtthin  the  firtt. 
ptate  o(  ground  gUis  let  in  the  fin 
E,  it  ineertcd  In  B,  and  when  the  (pmu-^ 
ia  so  adj  ustvd  a*  to  give  a  perfect 

on  the  ground  glan,  this  is  removed,  and  the  sensitive  |)late  oi 
by  adjirk  screen  is  inurted  in  iti  place.  The  dark  screen  ia  then  re- 
moved, and  the  light  produce*  a  cliemieal  chan^^e  where  the  image  ia 
projected.  Thisimni^  is  then  made  permanent  by  vnpur  of  meronrj 
or  other  chemical  application s. 

827.  Railway  Uliimtnatio3. — For  illuminating  railroaib,  ]t  ii 
important  to  throw  upon  the  track  a  poworful  beam  of  light,  con- 
aiatitig  of  rays  nearly  parallel.  When  the  track  ia  thua  illumi- 
nated, objects  upon  it  are  more  readily  distinguished  by  contrmst 
with  aurrouniling  d^knu.'ss  -  it  is  therefore  desirabto  to  limit  tho 
light  to  the  immediate  vicinity  of  tlio  track . 

The  common  method  of  elfectiiii;  thid  object  is  to  place  an  Argand 
lump  in  the  rucus  of  a  large  |>ttrjbu>lio  reS^cior,  [4i)S,}  aituated  la  front 
of  the  locomotive.    The  liglit  ii  tliuj  Uiruwn  forward  in  parallel 

8:111,  What  \i  photo jrupby  1  lly  wli  it  iuitrumjiil  are  the  v  arioui 
kind)  of  phot»;;r4phiu  pictures  ol>Mine<U  Ueicribu  the  c;imera  «m- 
ployml  in  pht>tu;^rai>hv.  H^I.  Wli^tt  kind  uf  iltuiiiLiuciun  is  req  oirad 
upon  rjilwaysf     What  initruiiieut  ia  employed  fur  lliU  poc^oa^t. 


812 

Ibam,  md  the  hlawT  in"—^**?**"  p^nAt^i^  KjUjg^  Trnffibtri  Mrittfj 
ft^  tbi  lywp  1ft  eompAratiyely  analL 

^  403,  m  also  employed  (br  projectiiig  a  poverfiil  beam  of  par- 
tJU  Ii^it  opoa  oljecta  to  be  iTTiiniffwitfid  wt  m  ififitmm  Thii 
ftcMof  Iaa%  uif  wited  and  flrat  apflied  to  pgactioil  pmpaiwi  by 
WntaaAf  eansate  of  a  cental  [^ano  auTcx  kno^  sonroondad  bj 


MMMMMyrj  to  avoid  die  spborieal  abcRmdaa  «r  a  aiai^ 
463  leos^  the  ecntni  Ica%  and  ail  tke 

angular    Mgncnto    haraig 


The  MgnuntarT-  liaga 

;tiine»   madt  entire^    hut  gcaatallj^ 

rh«n  m«  sat  b  rnnaiiilnaMi,  aack 

ring  ii  tampoicd  oC  aaraaal  paria. 

'Th«  central  Lena  and  lateral  aagnaaii 

aiI«!«ni«*BDfd  to  a  plu:<i  i.-f  zla^s*  aji  shown  in  the  figure. 
Fur  mosC  purp^«*.  where  '.liv  Fre^nel  lens  L§  «;m ployed,  it  is  n«ee#> 
ry  CO  iiv-  the  ul-ani.nu::^^: "  .-:ini  of  lijrLr  a  slight  <i«CTee  of  direr- 
jKace.  It  will  bt?  raiilj  ?<-t-Q  rri.*ci  the  s^or*?.  thAt  if  the  center  of 
th»*  .iizir-  ■■>  T?iia*:v«i  ir  F',  *av.  principal  tvca*  of  the  len*,  the  diver- 
xvncv  .r*  *'.:•■  btiaTT.  a*dr  pu^>ic;r  tiie  Uciy  will  be  equ^U  to  the  ansrle 
4  ^  J.  w'^  .-■!  ^i;  rar_e  ■  c  'ho  '.Azsp  ?ubten«isat  the»ar£ice  of  the  Ic&c 
A  coQi  :i"  ?  tiLt'P  ■*  il-^-  pld.!*:ti  ^  •.■h::!ii  the  lamp,  to  throw  forward 
the  ILi'j"  .:i  ^■.''  a^L:;-  n  r,j  ':..  rtEract'.ii  a^arly  parallel  1>t  the  len»in 
fiwac  .  c  -  -.^  „iz"\  A  z.-icli  n-ore  I  r:lli;iiit  h^am.  of  light  is  obtained 
ia  ili.5  '■  .::  7  -  :!;jj:  '  y  -h-?  lor^!  o"lo  rt debtors  alone.  Thid  lens  is 
aI;H>  :: -^  ■ :    i  I-" n  :*. « •  ■  ;'  r  ra.  1 "»  j  y  :1 .  us:  :::a tien. 

>:2J.  Se;^Ii<[^hti«  icsi^^^id  is  beacons  to  the  mariner  upon  dan- 
gerous o.vLits.  or  :'v.T  li^htin^  harbors.  ar«  usually  placed  in  towers, 
calleii  *•  ;>-  ^."*;tr*.  The  ^reat  elevation  of  the  li^ht,  permits  it 
to  b*  seen  fir  out  at  sea.  It  Is  evident  that  all  lijrht  thrown  out 
above  or  below  the  plane  of  the  horizon,  is  of  no  avail  to  the 
marintrr. 

By  aa  l:i«eBioiX5  applioation  of  the  principles  of  the  Fre^nel  len*. 
a  tbeet  %'f  Heht  ia  thrown  out  in  every  direction  in  ihe  plane  of  the 
horitOTL  If  fisc.  4W  i*  revolved  about  the  central  pfrpi-oJieular 
H^e,  ajk  an  asdft.  it  will  g<rnerate  the  ap}  aratu>  known  ns  the  Fretmel 


Si'^  What  »tbe  pecular  conslniction  of  the  Fre*nel  Kn^f     82». 
WheT«  are  tea-ligbta  naoally  placed  f 
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Jixtd  light     Ilia  central  u)d«  vill  cODiUt  of  4U4 

>  series  of  hoopa  whose  perpendicular  iectioi 

i«  everyvhere  the  lame  as  a  section  of  tbi 

Fresoel  lens.     Tliia  zone  will  therefore  so  ai. 

u|)on  tlie  llglit  of  a  lamp  placed  at  the  ceiitn. 

as  to  project  a  sheet  of  light  in  every  dirt.c 

tion  in  the  plane  of  the  horizon.     Above  an  1 

below  Iho  central  zone,  are  aeries  of  tnanRu 

lur  hliop*.     A  section  of  one  of  these  houp' 

sad  iu  action  upon  light  radiuling  from  tl  e 

acntrul  lamp,  is  shown  in  ti){.  i&i  ;  A  C  end 

B  C  are  plane  faces,    while  A  B  at  convn 

Biirfiice.     Light  from  the  foeos,  F,  is  refracted  o 

B  C,  it  undergoes  totjil  reflection  at  the 

Burfai^e  A  B,  and  a  second  refntctiuu    at 

A  C,  from  which  it  emerges  in  lines  par  • 

allel  to  the  horiion. 

Tlie  focus  of  each  priamatio  hoop  is 
carefully  calculated  for  tbo  place  it  ia  to 
occupy,  so  that  every  part  of  the  appa- 
ratus throws  out  the  light  that  falls 
u]ioii  it  ill  a  liurizuutal  direction. 

S30.  RavolTliiK  UghU.— To  distin- 
guish one  light-house  on  the  coast 
from  another,   the  Fresnel  light  is  so 
modified  aR  to  give  a  steady  light,  and  also  revolring  fluhes  of 
light  of  very  great  intensity. 

In  the  itvaltxng  FrtMntl  light,  the  triangular  prismatic  hoopa  above 
and  below  tlie  Central  tone  are  the  same  466 

as  for  the  fixed  light,  but  the  central  lonc 
is  luadv  of  eight  Freincl  lenses,  fit;.  46S, 
set  as  shown  in  the  lower  part  of  figure. 
The  np|>er  |>art  of  the  same  tiguru  shows 
a  front  view  of  the  central  tone.  While 
the  entire  apjiaratu*  revolves  as  shown 
by  the  Oirvctiun  of  the  arrows,  each  of 
the  eight  lenses  gives  a  very  inl«i.se  light 
ill  certain  directions,  and  between  any  two 
there  is  no  li^ht  from  the  central  tone  of 
lenses.  The  light  aeen  IVom  any  position 
appears  gradually  to  increase  to  very 
grcut  brilliancy,  and  then  to  fade  away  to 
much  lesii  than  halfitt  tDsiiiouui  intensity. 


»4 


OPTICS. 


ywv'  w)kk)i  il  ftfrMB  iiioi>MMs  to  iU  fonii«r  brilli«Mj. 
«rr  ^c^p>Ma«3  at  re^ar  intervalai 

FW  XMHfi  m$t^jhr  the  Fresnel  light  is  an  Argmod 
l^iMMr  fMiMNiitric  wicks,  with  currents  of  air  pimiring  vp  h^tnm 


J%t  wWkt  are  defended  from  the  eze«M|ye  heat  of  tbeir 
AiMMity  A  taperftbondant  supply  of  oil,  which  is  throvo  «p 
Mow  by  a  «loek*work  movjeinent,  and  constantly  OTcrflowr  dM 
wkka  A  very  tall  ebimney  is  required  to  snpply  a  waStdatkf 
ili««9  eurrent  of  air  to  support  the  combastion.  The  dimeMioas  <f 
Ike  Fresnel  lights  and  the  number  of  lenses  and  hoopa  of  vludi  it 
aoasists,  are  varied  to  suit  the  purposes  for  which  it  is  mod ;  the  Bgfcj 
produced  varying  in  intensity  from  twenty-five  to  three 
▲igand  lam])s  of  common  size. 

881.  Thatelsstsrsoaoope  is  an  instrument  which  cause 
oljects  to  appear  in  rolieU  The  image  upon  the  retina  cf  ertrj 
human  eye  represents  a  perspectiTe  prqjection  of  the  oljecte  slt- 
usted  in  the  field  of  view.  As  the  positions  from  which  these 
projoctions  are  taken  arc  somewhat  different  for  the  two  cjcs  of  the 
same  individual,  the  perspective  images  themselves  are  not  iden- 
tical, and  we  make  use  of  their  diflerence  to  obtain  an  idea  of 
the  distances  from  the  eye  of  the  different  objects  in  the  field 
of  view.  The  images  of  the  same  object  on  the  two  retinae  are 
more  different  from  each  other  as  the  object  is  brought  nearer  to 
the  eyes.  In  the  case  of  very  distant  objects,  the  difference  be- 
tween the  pictures  on  the  retinae  of  the  two  eyes  becomes  imper- 
ceptible, and  we  lose  the  aid  just  spoken  of  in  estimating  their 
distance  and  bodily  figure. 

The  tolef«trreo?cope  incron?c:»  the  binoculnr  parallax  of  distant  objecU, 

and  by  pre9<fnting  to 
eucli  eye  Mich  a  view 
an  would  be  obtained 
if  tlie  distance  be- 
tweeu  the  two  eyes 
wore  gn'atly  iniToas- 

A    A        ^•**;^  ®^'  *^  Ji>'»^'<^*  the  tame 

lb  2    ^  m  uppoanmce  of    relief^ 

as  if  the  objects  wore  brought  near  to  the  observer. 


•\tu 


What  kind  of  a  lamp  U  uwd  for  the  I'nsnel  lipht  ?  8:il.  Why  are 
the  pictures  formed  on  the  *otiii«  of  tiie  tw»»  «'ye»  diffiTentf  How 
does  this  difference  vary  in  ditrvrent  |)OMtion6  I 
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'  Let  h  and  b\  fig.  467,  be  two  plane  mirrors  placed  at  angles  of  45** 
with  the  line  of  yision  ;  let  e  and  c'  he  two  smaller  mirrors  placed 
parallel  to  6  and  b\  and  let  d  and  cf  represent  the  position  of  the  two 
eyes  of  the  observer.  It  is  evident  that  the  light  from  distant  objects 
falliog  upon  the  mirrois  in  the  direction  a  b  and  a'  b\  will  be  reflected 
to  the  small  mirrors  c  and  c\  where  it  will  be  again  reflected  to  the 
eyes  at  d  and  d\  The  two  views  seen  by  the  eyes  will  evidently  be 
the  same  as  if  the  eyes  were  separated  to  the  positions  m  and  m'. 
The  relief  with  which  objects  will  be  seen  by  this  instrument,  will 
obviously  be  increased  as  much  as  the  distance  b  b',  exceeds  the  dis- 
tance between  the  eyes  d  and  cT. 

But  while  the  perspective  difl'erence  of  the  images  seen  by  the  two 
eyes  has  been  increased,  the  visual  angle  under  which  each  object  is 
seen  remains  unchanged,  and  hence,  as  the  apparent  distance  of  the 
objects  is  diminished,  their  dimensions  appear  diminished  in  the  same 
proportion.  If  the  small  mirrors  are  made  to  rotate  on  perpendicu- 
lar axes,  while  the  large  mirrors  are  fixed,  the  distortion  of  figure 
may  be  easily  corrected  by  turning  the  small  mirrors  until  objects  ap- 
pear in  their  true  proportions.  If  the  lenses  of  an  opera  glass  are 
inserted  in  the  instrument,  the  convex  field  glasses  being  inserted  at 
/and/',  between  the  large  and  small  mirrors,  and  the  concave  eye 
glasses  between  the  eyes  and  small  mirrors,  the  effect  will  be  to  in- 
crease the  visual  angle  of  every  object  in  the  field  of  view.  If  the 
glasses  magnify  as  many  diameters  as  the  distance  between  the  large 
mirrors  exceeds  the  distance  between  the  eye»,  every  object  will  ap- 
pear in  its  due  proportions,  and  the  efl'ect  will  be  surprii^ing.  The 
appearance  will  be  as  though  the  observer  had  been  actually  trans- 
ported to  the  immediate  vicinity  of  the  objects  themselves.  The  dis- 
tance between  the  large  mirrors  of  the  telestereoscope  should  not  ex- 
ceed the  breadth  of  an  ordinary  window,  unless  it  is  to  be  used  in 
the  open  air,  when  it  may  be  made  of  any  dimensions  that  are  de- 
sired, and  the  effect  produced  will  be  in  proportion  to  its  magnitude. 

8«32.  The  itereosoope  is  au  instrument  by  which  two  pictures 
of  an  object  give  the  appearance  of  a  solid  structure.  If  two  pho- 
tographs of  distant  objects  are  taken  from  positions  at  such  a  dis- 
tance as  to  give  an  appropriate  difference  of  perspective,  they 
may  be  viewed  in  an  instrument  called  a  stereoscope,  which  will 
give  them  all  the  relief  and  solid  appearance  of  real  objects. 

If  two  pictures  of  an  octahedron,  as  A  and  B,  fig.  468,  such  as 


What  is  the  design  of  the  telestereoseope  7  Explain  its  constrac* 
tion.  What  effect  b  produced  bv  inserting  the  lenses  of  an  opera-glaat 
in  the  telestereoseope  f  b'i2.  Ilow  may  pictures  be  made  to  uiow 
the  objects  in  relief! 


v«aU  ba  foriMd  onJhe  retiiiM  of  two  ajM,  an  pUoad  la  &•  it 


HKS 


•cope,  Ag.  409,  Ui*r  giv«  to  O* 
ofaierrar  the  id««  of  ral  nUt 


Iootahadroa,  liMtMd  of  tho  orA- 
nuy  pietero.  a  I^trtognffea 
of  iMtonl  MMiy,  t«k«D  fr«a 
two  foAtimm,  whoa  viawad  ia 

.    appnr   in    r«U«f  lika  real  otgeota, 
Tb«  oonatraeUon  and  action  of  the  •teraoioopa  will  ba  raadilj  ■■• 
duitood  bj  refereaee  to  fig*.  470,  aud  4T1.    EVom  a  donbU  aoMavo 


% 


leat,  A  B  A'  D,  two  eccentric  lemes,  reprcwnt«d  by  the  imallcr 
ei^«le^  are  foruieiL  E  A  t,  in  the  lower  port  of  the  figure,  repre- 
Minte  a  tranaTfrse  seeliuii  of  one  uf  llieae  eccentric  leneci,  aod  E  A'  t 
the  other,  >^ch  lens  it  equivalent  to  a  triangular  priun  B  A  t, 
with  a  planu  convex  lens  cemented  to  each  refracting  [ace  of  the 
priitn.  y\g.  4't  shows  a  Bectloii  of  the  etcreotcope,  the  eccentrie  tyt- 
leosee  A  E.  A'  E',  being  placed  at  tile  ordinary  distance  of  the  eyee, 
with  their  thin  edges  to  wards  each  other.  Let  Pand  P"  represent  («o 
coiTe3|K>ni!ing  pointu  in  the  ster«> 
OMopIc  photographs  vhich  are  to 
b^  examined.  Tba  nja  of  light, 
diverging  from  the  point  P,  blling 
upou  the  eyc'lens,  are  refncted 
nearly  paialiel,  and  by  the  piu- 
Uc  form  of  the  lens  are  deOccted 
froni  tlieir  course,  and  emer^  from 
1cn»  in  IheMiTiic  direction  w  if 
emanating  from  the  point  O.  In 
BAUioninnaer  the  rays  from  the 
nt,  P,  also  appear  to  diver([e 
^_^iyom  the  point  O.  The  Muie  i* 
e  of  all  similar  parts  of  the  two 
tiirft*;  lliuB  tbc  pietiirn  app*«r 

Deacribe  the  1«n*es  used  in  the  steriKiMapc  1  How  io  tbe>«  Icriea 
act  in  the  Btereownpe  to  cause  two  picturni  to  Hpi>™r  as  one  1  Whj 
doei  the  (tercoaeopc  gire  the  appeuraDce  of  relief  ( 
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superimposed  upon  each  other,  and  together  produce  the  appear- 
ance of  relief,  for  which  the  stereoscope  is  so  much  admired. 

The  eccentric  lenses  of  the  stereoscope  are  sometimes  fixed  in  po- 
sition, bnt  they  are  often  inserted  in  tabes,  as  in  fig.  469,  which  can 
be  extended  to  adapt  the  focus  to  different  eyes,  or  separated  to  a 
greater  or  less  distance,  to  suit  the  distance  between  the  eyes  of  dif* 
ferent  persons. 

If  stereoscopic  photographs  are  tnken  from  positions  too  widely 
separated  from  each  other,  objects  stand  out  with  a  boldness  of  relief 
that  is  quite  unnatural,  and  the  objects  appear  like  very  reduced 
models.  In  taking  stereoscopic  miniatures  especially,  great  care  is 
required  to  preserve  a  natural  appearance.  In  general,  a  difference 
of  a  few  inches  in  the  two  positions  of  the  cameras,  gives  suffi- 
cient relief  to  the  pictures  when  seen  in  the  stereoscope. 

For  public  buildings  and  landscapes,  two  cameras  are  usually  em- 
ployed, placed  on  a  stand  three  or  four  feet  from  each  other.  If  it  if 
desired  to  show  a  great  extent  of  a  distant  landscape,  or  to  exhibit 
in  miniature  the  grouping  and  form  of  distant  mountains^  two 
stations  should  be  selected  that  are  widely  separated  ;  but  in  such 
cases,  care  should  be  taken  that  no  near  objects  are  admitted  into  the 
picture. 

833.  The  ateroomonosoope,  (lately  described  by  Mr.  Claudet, 
of  London,)  is  an  instrument  by  which  a  single  picture  is  made 
to  present  the  appearance  of  relief  commonly  seen  in  the  stereo- 
scope, and  by  means  of  which  several  individuals  can  observe 
these  effects  at  the  same  time. 

Let  i4,  fig.  472,  be  an  object  placed  before  a  large  convex  lens,  L, 
an  image  of  the  object  will  be  formed  at  a,  in  the  conjugate  focus  of 

472 

s 


the  lens,  aud  from  the  image  a,  the  rays  of  light  will  diverge  as  from 
a  real  object,  which  will  be  seen  by  the  eyes  placed  at  e  e,  tt'  e',  or 
any  other  position,  in  the  cone  of  rays  b  a  e.  Thus  several  persona 
may  at  the  same  Ume  see  the  image  suspended  in  the  air.     If  a  screen 


What  precautions  arc  necessary  in  taking  stereoscopic  photogrspha  f 
838.  What  is  the  stereomonoscope  f  Explain  its  structure  and  use. 
How  does  this  in«trument  enable  several  persons  to  see  the  same  ob- 
ject simultaneously  7 


B18  omta. 

«f  gmnndi^IiFluedat  S^11wlni«i  «m  •ppow^MivBt 

^on  tli«  ^Hi,  bat  It  vill  app«M'  witk  ill  tb*  pwqtMttr*  idW  af  ■ 
iMlvtJMt,  An'iiMpUii>faiii>Bd«igKra>a^MBaubaMeagBlf 
totlMdliMtiMioftli*  iiuddentny^  lUi  knottha^oa withaa in- 
^a  formad  on  paper,  wMek  ra^tM  tka  H^t  ia  all  dliaaUsH,  aad  > 
htntinititiaptHf  tf  giTing  •  (terMaeopie  cCM  1>  aaak  cirBiiiaitetM 
Hi*  ■teraamoMOps  eondib  (tf  a  aeraan  of  gronad  |ja^  Jtj^  tg 
♦Tl,  iwd  two  ecnrex  Iwiw.  j<  JE^  J  £,  m  pUatd  aa  to  Joam  i^^a  ^ 
two  ttoreoMopio  pictnrea,  JIf  and  JV,  at  tha  ■ 


S  &  Thongli  the  two  jdetarca  hart  thdr  ImagM  anparin^MMd  oa 
tlu  HTa«D  8  S,  each  picture  oao  be  Mm  onlj  by  tli«  nja  ptweecdrag 
from  the  photogrnpli  by  vLieh  it  WM  fornied.  If  tbe  eyci  an  m> 
placed  that  the  ri^rbt  eye  b  in  the  dirMtioD  of  the  raja  comiDg  from 
one  lens,  and  the  left  eje  in  the  direction  of  raji  conuDg  from  iba 
otiier  lens,  the  oliJ<M:t  will  appear  iu  relief  aa  in  tbe  atcreoaeupe,  and 
■«Teral  persona  can  witoew  tbo  effect  at  the  lame  time. 


IB  of  light ^The  interference  of  ribrations  and 
w»Tcs,  bus  been  already  alluded  to  in  the  theory  <if  undvlalioiu, 
(408,  414.)  but  the  phenomena  of  luminoua  interfereace  require 
aomr  further  special  consideration- 
Let  A  B,  B  C,  tig,  474,  be  tve  plane  mirrora,  malciog  with  <«eb 
4T4  other  a  very  oLtiue  angle;  (very  near 

180° ; )  let  ■  beam  of  iDnlight,  cnteriag 
I  dark  room  by  a  small  opening,   b« 
lironght  to  a  focus  hj  a  lens,  L;  if  thia 
li(;bt,  direrging  from  a  focn*,  is  allowed 
to  full  viTj  i.bliquelj  upon  the  two  niir- 
-■,  a8  shonn  in  the  figure, it  will  be  r«- 
llecled   as  if  divprging  from  two   lami* 
IS  points,  HI  and  A',  and  the  light  thus 
reflected  irill  be  in  ■  condition  to  inter> 
C^^SS^.'^l*    -    fer«L     Draw  O  P  perpendicular  to  JtN, 


v'Vs.W^  :X>  -  fer«L  Draw  O  P  perpendicular  to  JtN, 
J(  ^  "  fnim  a  |"oint  O,  midway  belweeo  them. 
l\  ^  ■  It  is  erideut  that  every  point  in  the  Una 
jn\!^    B  i*,  will  lis  rqnallj  distant  from  tbe  In- 


»fH    »^««  MM  y**  |A»a.w 


,  of  Interference  of  light  be  exhibited  f 
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minons  points  M  and  iV;  the  waves  of  light  which  croes  each 
other  in  the  line  B  P,  will  therefore  be  in  the  same  phat%  of 
vibration,  and  couiaequently  produce  a  line  of  light  of  doable  in- 
tensity. Let  the  smooth  circular  arcs  represent  the  phases  of  el- 
evation, and  the  dotted  arcs  phases  of  depression,  then  where 
a  dotted  arc  crosses  a  ^ooth  arc,  the  two  waves  should  counteract 
each  other  and  produce  darkness.  The  open  dots  represent  vibra- 
tions meeting  in  the  same  phase,  and  the  black  dots  represent  vibra- 
tions meeting  in  opposite  phases,  which  produce  darkness.  The  sym- 
metrical curves  formed  by  the  intersection  of  light  from  the  two 
poiut.<>i  it/ and  JV,  on  both  sides  of  the  central  line,  are  of  the  form 
known  in  geometry  as  hyperbolas. 

Tlie  distance  on  each  side  of  the  line  B  P,  where  the  luminous 
waves  will  be  again  in  a  like  state  of  accordance  represented  by  the 
croHtting  of  the  smooth  arcs  in  the  figure,  will  depend  on  the  interval 
between  them,  which  is  different  for  different  colors;  for  red,  it  is  half 
as  much  again  as  for  violet  light ;  hence  the  distance  between  the 
curves  of  double  intensity  will  be  least  for  violet  light,  greatest  for 
red,  and  intermediate  for  the  other  colors  of  the  spectrum,  so  that 
wliile  all  the  colors  are  united  in  the  central  line  B  P,  they  will  be 
separated  in  the  other  bars,  and  funn  a  series  of  colored  fringes.  In 
experiments,  this  serves  to  distinguish  the  central  bar,  namely,  that 
the  other  bars  are  colored  symmetrically  on  each  side  of  it. 

Now  half  way  between  two  places  of  complete  accordance  there 
must  occur  a  place  of  complete  di^ordance,  where  the  difference 
of  dis^tances  from  iV/and  N  U  ^  an  interval,  or  1,  £  or  I,  <&c. ;  and 
according  to  the  undulatory  theory,  there  would  be  complete  dark- 
nc-s.  Between  these  and  the  places  of  complete  accordance,  there 
would  be  intermediate  stages  of  accordance  and  discordance ;  hence 
tliere  would  be  bright  bars  shading  into  dark  ones,  all  more  or  less 
colored  except  the  central  bars,  where  all  the  colors  are  in  a  state  of 
complete  aocordance. 

By  careful  measurement  of  distances  between  the  luminous  and 
dark  bars,  the  lengths  of  luminous  waves  of  dilferent  colore  have 
been  very  accurately  ascertained. 

835.  Facts  at  variance  with  theory. — When  the  atmosphere 
is  free  from  cloudy  and  the  sunlight  is  brightest,  the  central  b«r, 
(which,  according  to  theory,  should  be  bright^)  is  found  to  be  ft 
black  one,  whatever  be  the  material  of  which  the  mirrors  «re 
composed.  But  when  the  sun  is  near  setting,  the  central  bar 
bas  been  seen  undoubtedly  a  bright  one.     It  has  also  been  SMb 


What  is  the  form  of  the  bright  and  dark  bands  prodner' 
ference  I     Why  are  these  bands  bordered  with  colored  M 
What  \i  the  appearance  of  the  central  band  when  otdiiiit 
is  used  ? 


no 


M  ft  bright  bar  when  the  luminoiit  point  mm  Hoimmii  aft  a  Ue 
in  %  thin  plate  of  metal,  and  the  light  iHiicih  had  giaaed  Ilia  edge 
of  the  hole  was  used. 

Ihe  eiditeDoe  of  a  eenirml  bUtek  bar.  In  nonoal  eireoaHtiaew 
where  the  ▼ibnttionB  most  meet  in  the  nme  phea«^  is  '-tTrnrfrtcat 
vlth  the  andolatocy  theory  of  light 

It  eppeart  that  light  ii  lo  modified  in  passing  through  ham,  or  at 
am  opaque  edge  of  atmall  hole,  ss  to  aeqnire  an  mmmiraff  or  laTCf^ 
sloa  of  propertiea* 

886.  Intexfuranoa  oolora  of  thin  plalaa  are  weo  in  thin  fllna 
of  Tarnish,  cracks  in  glass,  films  of  mica,  Tariona  cr|rata]8»  and  in 
othar  transparent  substances,  as  in  soap  bubble&  Tiia  eolon  of 
•obhthin  films  are  due  to  the  interference  of  ligjht  twioa  rcAeetad 
hj  tiia  sur&oes  of  the  film. 

Two  sorlkces  of  glsai»  pressed  together,  fivnidi  a  tldn  plate  of  sir 
between  two  refleeUng  sarfkeea  JjtXOADB^^  4t'i6,  be  a  tnai- 
parsat  film,  saoh  ss  a  thin  blown  bnlb of  glssi^  ora  soap  babble;  let 
Hii  B  T  be  the  transmitted  ray,  i9  ii  i{  the  ray  refleeted  at  the  fint 

snrfiiee.  8  A  B  A'  K  ihe  portion  reflected  from  Uie  second  soriace,  end 
emergent  st  the  first  surface,  S  A  B  A'  ff  T  the  portion  emerging 
475  from  the  second  sarfacc,  after  the  two  in- 

terna} reflections,  then  the  ray  A'  K  will 
be  retarded  behind  the  tt^y  A  R,  by  the 
interval  n  m,  owing  to  the  increased 
length  of  path  it  has  to  travel  in  twice 
traversing  the  film,  and  B  T  will,  in  s 
bimilar  manner,  fall  behind  the  ray  B  T, 
by  the  interval  p  q.  If  these  retarda- 
tions equal  the  interval  of  an  odd  number  of  half  vibrations,  they 
will  interfere,  as  they  originated  from  a  conmion  wave,  in  the  ray 
5  A.  The  reflected  rays  do  not  differ  greatly  in  intensity,  which  is 
for  each  al>out  one-thirtieth  that  of  the  incident  light  for  glass,  and 
therefore  their  interference  produces  blackness  where  they  destroy 
each  other.  The  transmitted  li^ht  has  tJie  principal  beam  of  little 
leas  intensity  than  the  incident  beam,  having  lust  only  about  one- 
thirtieth  part  by  reflection  at  each  of  the  |K)ints  A  and  B;  but  the 
Intensity  of  the  twice  reflected  beam  which  interferes  with  it  is  abont 
one-thirtieth  of  one-thirtieth,  or  one  nine-hundredth  of  that  of  the 
Incident  beam ;  hence  the  difference  of  the  intensities  of  the  bright 


•  Potter's  Phpical  Opticsu 


Uov  does  the  central  band  vary  with  different  kinds  of  light  T 
$Sa   i^p^***  the  prodnetion  of  colors  by  thin  platea 
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and  dark  bands  fonned  by  transmitted  light  is  never  as  great  as  in 
the  reflected  beams.  Bnt  the  difference  between  the  bright  and 
dark  bands  is  different  for  different  colors  of  the  spectrum,  b^ng 
least  for  violet  light,  and  greatest  for  red.  This  fact  is  thought  to  be 
contrary  to  what  should  have  been  expected,  according  to  the  ondu- 
Itttory  theory. 

837.  Newton's  rings. — If  a  plane  plate  of  polished  glass  is 
pressed  against  a  piano  concave  lens  whoso  radius  of  curvature 
is  known,  the  interference  bands  become  colored  rings,  and  the 
exact  thickness  of  the  Him  of  air  by  which  each  color  is  pro- 
duced is  easily  estimated. 

Tlie  form  of  this  apparatus  is  shown  in  fig.  476.  The  letters  and 
explanation  of  the  figure  are  similar  to  the  preceding.  When  the 
two  glasses  are  pressed  suflSciently  near  470 

togctlier,  the  centres  appear  black  by  re- 
flected light,  and  bright  by  transmitted 
liglit     The  thickness  of  the  film  of  air 

where  the  first  color  appears,  is  equal  to  i  j^IJa^    c       I 

one-half  the  retardation  producing  that^ 
color,  hence  the  length  of  the  wave,  or 
vibration,  for  any  color,  is  estimated  as 
equal  to  twice  the  thickness  of  the  film  of  nir  where  the  color  ap- 
pears. The  colors  succeed  each  other  in  the  order  of  the  length  of 
the  vibrations  required  to  produce  them.  A  second,  third,  and  fourth 
series  of  colored  rings  will  be  found,  where  the  thickness  of  the  film 
is  an  exact  multiple  of  the  thickness  required  to  produce  the  first  le- 
riea  of  color?*.  Tlie  distance  between  the  first  and  second  series  de- 
pends on  the  rapidity  with  which  the  thickness  of  the  film  increa*>ea. 
In  the  case  of  a  lens  pressed  against  a  plate  of  glass,  the  distance  be- 
tween the  glasses,  or  the  thickness  of  the  film,  increases  as  the  square 
of  the  distance  from  the  centre.  The  diamctvrH  of  the  bright  rings 
will  therefore  be  as  the  square  roots  of  the  numbers  1,  2,  8,  Ac,  and 
the  diameters  of  the  dark  rings  will  be  as  the  square  roots  of  the 
numbers  1 1,  2|.  8^,  &c.  The  distance  between  successive  rings  of 
violet  will  be  much  less  than  the  distance  between  successive  rings 
of  red  ;  one  series  of  colors  will  therefore  sometimes  overlap  some 
of  the  colors  in  the  succeeding  series  of  colored  images,  and  by  their 
admixture  produce  colors  which  are  designated  as  Newton's  first, 
hecond,  third,  Ac.,  orders  of  colors. 

8:)8.  I«ength  of  luminous  waves  or  vibrations. — By  such  means 
as  we  have  described,  the  length  of  the  vibrations  required  to 
produce  different  colors  have  been  estimated. 

837.  Explain  the  phenomena  of  Newton's  colored  ringSb  What  It 
meant  by  the  fir^t,  second,  and  third  orders  of  colors  t 
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4f  :m  ^9}tttc^/i»  7C  -^  stTisMe  ny»  Wrottd  the  rlobt, 

r^ivo.  >'   .vot.^a.T-»r:vii.  7i^.«ri2>.-«  "^f   IftTcsdcr  licbt  of  HcneheL 

"ill-,  litt'  oa*  -i   4!i»:  .».■■:»▼■«  :t  slcsM. 

"%  .ii«iM"i-.-.   i;.  :irj.   T  ;r»r.»7a*  AiT*  ^-tpu;mt«d,  it  i*  evident 
A.?%<^' »'!''•=  ii:sn>/ar<j^:._>.tt  .£  iit  rtikl  7jk3«jv  wfilijeikt  must  be  among 


iS*.4.  Z^AwrocoL  —  1: 1  nr.-r  i>  bf v>i  vii^  its  Hax  sorfiice  towards 
rfcvs.  .-i"  -Ji^i  s^':.  ^»?  rtv>  :.>^:  pss?  ra  oktsif  proxmutr,  both 
«»  ifhi  •:*i;4?7  a:*'!  :.■  ^<  '7d«^-s.  «*J1I  be  ieoected  as  shovn  in  fi^ 
477.  A  i*.rtj:c  .c"  :h.^  nvs  in»  S-.i<viec  vv:t«anlii.  appearing  to 
SttzSer  rsdcvtxc  :  ih^  Tock  .£  -Ji*  nrvT  de«5«rting  the  rays  out- 
wani  2i«.r«  :l2ii::  ;h^  sh^rp  <^iof ,  b-ct  the  edj*  <wf  the  ruor  de- 
Ikc^  SLore  "i^ra;  :z:,^  ibe  j- Jot  of  ih^?  £vo=i«rical  shadow,  than 
»  ded«ev-Ccri  i::war>i4  bj  ihe  ^*wk  of  ih*  isj>trunsent.  These  differ- 
ciK«6  anf  represecwd  br  the  s:I<>!>^cc>5  of  the  lines  drawn  to  re- 
presco:  the  rajs  vherv  the  cnra:c>:  4kaiouct  o(  light  is  deflected. 
If  the  bodr  interpcised  is  aim>v.  like  a  tine  needle  or  a  hair. 


Ti;ttU«  u£jJiAii«>a»coiu|i«iv  «L:h«Mo}i  ^•::.l-r  !     ^oi*.   What  i*  iu««xit 
br  dufcaeuoa  t    Kyp***"  the  mcihiMi  k^{  ottwrTib^^  tlie««  phenomena. 


nu  KAIRBOW.  SSS 

the  nja  deflected  Inirards  croBS  each  other,  and  produce  ttie 
phenomena  of  interference  in  ae-  417 

eordanee  with  the  undul&torj  the- 
ory, and  the  rsjs  deflected  out- 
ward produce  interference  with  the 
rajs  not  deflected,  but  bright 
lines  appear  where  the  undulato- 
Tj  theorj  would  give  dork  lines. 
All  the  bright  and  dark  lines  are  ^ 
bordered  with  colored  fringes,  as  < 
in  ordinary  cases  of  interference.  ' 
These  phenomena  are  best  seen 
in  a  dark  room  by  looking  through  an  eye  leng  at  a  hair  or 
needle,  at  a  considerable  distance  from  a  lamp,  or  by  looking  at 
a  beam  of  sunlight  admitted  to  a  dark  room  between  two  sharp 
parallel  edges.  The  rays  that  have  been  difiracted  or  bent  into 
the  geometrical  shadow,  are  not  as  readily  deflected  again  in  the 
same  direction,  but  are  more  easily  de&ected  in  the  opposite  di- 
rection than  rays  which  have  undergone  no  such  previous  change. 

840.  nwralnbow  isa  phenomenonin  whichreSection,  refrac- 
tion, dispersion  and  interference  of  light,  are  all  combined  to 
produce  one  of  the  most  wonderful  and  beautiful  phenomenm  in 
nature.  It  is  seen  in  that  part  of  the  heavens  opposite  to  the 
sun,  when  the  sun  is  less  than  forty-two  degreess  above  the  ho- 
rizon. The  shadow  of  the  eye  of  the  observer  will  always  point 
to  the  centre  of  the  circle  of  which  the  rainbow  TormB  a  part; 
hence,  as  the  sun  descenda  near  the  horizon,  the  rainbow  rises 
higher,  and  as  the  sun  ascends  the  morning  sky,  the  heigfath  of 
the  rainbow  diminishes. 

To  ODdentaad  tbii  for-  478 

iiutioD  uf  the  rainbow, 
we  miut  firtt  exitmtne 
th«  action  of  a  ilagte 
drop  of  water  upon  par- 
allel raya  of  light.  Let 
tlieclrele,  fig.  4T8,  rep- 
resent a  drop  of  water, 
^nASA.S  B.Stc,  par- 
allel rayi  of  light  falling 
upon  IL    The  ray  S  A, 
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toncbing  it  The  enrrM  f  r,  formed  by  BmrMpplug  a  tbr««d  from 
the  canstlo  kq,  and  jr*,  formed  by  a  thread  from  the  Mastic  I  A,  shoT, 
b;  their  gradual  separatioD,  the  amoant  of  retardation  of  the  vnve 
■urfsce  of  the  two  sela  of  parallel  raye  which  interfere  between  cp 

According  to  the  nndnlatory  theory,  we  shall  have  bright  bands 
where  the  rays  have  trnveraed  equal  dietAnces,  or  dlitancee  differing 
by  any  number  of  entire  vibratione.  and  dark  bande  where  the  mya 
differ  by  an  odd  number  of  half  vibratinniL 

These  bright  and  dark  bands  are  readily  seen,  with  proper  pre- 
cantions,  with  light  reflected  from  a  drop  of  water  suspended  at  the 
point  of  a  fine  glass  tuba.  When  mo  no- chromatic  light  is  used, 
thirty  or  forty  of  these  bright  and  dark  bands  may  be  counted. 

The  breadth  of  the  bright  and  dnrk  banda  Taries  with  the  siie  of 
the  drop  from  which  the  light  is  reflected.  Tlie  interference  bands 
Tary  also  for  the  different  colors,  being  nearly  twice  as  broad  for  red 
as  for  violet  light  When  white  light  la  employed,  the  first  red  band 
only  is  pure,  the  other  bands  being  more  or  less  confused  by  the  un- 
equal super  position  of  different  colora. 

If  WO  consider  only  the  first  two  bright  bands  of  each  color, 
we  can  easily  explain  the  common  phenomena  of  the  rainbow. 
A  little  within  the  caustic  curve,  k  g,  fig.  478,  on  its  convex  side, 
we  shall  h&ve  a  bright  light,  represented  in  intensity  by  the 
curve  a,  tig.  479,  and  a  second  band  of  the  same  color  at  b,  of 
feebler  intensity.  As  the  retractive  index  for  red  rays  is  less 
than  for  the  other  colors,  the  red  will  diverge  more  from  the  in-  , 
cident  ray,  after  refraction,  than  the  violet,  and  other  colors  will 
appear  intermediato. 

Suppose  now  that  in  a  shower  48ii 

of  rain  a  raj  of  light  n-om  the 
Bun  falls  upon  a  drop  of  water  at 
r,  fig.  4S0,  and  is  reflected  from 
its  posterior  sur&ce,  bo  as  to  give 
to  the  eye  the  red  ray  of  maxi- 
mum intensity,  r  £,  ^  drop  be- 
low it' will  give  a  violet  ray  of  J 
maximum  intensity,  o  £,  and  in 
termediate  colors  will  be  formed  '' 
in  the  Kamo  manner  by  interme- 
diate drops.     Let  the  planes  of 


Explain  the  formation  of  the  rainbow!  Why  la  the  rainbow 
curved  I  What  effect  is  produced  when  the  ndD-drap*  varj  greatly 
1b  sIm  T    How  it  the  Meoodary  Talnbow  formed  t 


;• 
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inddenoe  and  r^ection  rerdTo  aibont  •  Une  8S8^  diMm  Aom 
the  sun  through  the  eye  of  the  ohaerrer,  and  the  potttSon  of  tbs 
drop,  from  which  light  can  reach  the  eye,  will  describe  ths  aidi 
of  the  rainhow. 

The  purity  of  the  seyeral  colors  in  the  rainbow  is  the  result  of 
interference,  which  produces  daric  bands  for  each  partjculsr  color, 
glYing  a  dear  space  for  the  delineation  of  each  colGr  of  the  rain- 
bow before  the  first  color  is  repeated.  When  the  rain-drops 
diflte  greatly  in  size,  as  is  often  the  case,  the  diflbvot  ookrB 
of  the  first  and  second  interference  bands  overlap  and  mhn^  to- 
gether, and  the  bow  is  but  imperfectly  developed. 

A  secondary  rainbow,  with  violet  above  and  red  below,  is  fonud 
1^  Ugfat  which  baa  been  twice  r«flected,within  the  diopa^  atahowa  in 
fig.  48Q,  the  rayn  entering  the  lower  border  of  the  dropb  and  enicr* 
ging  near  the  upper  border.  Hie  aeme  prineiplee  of  Interteenee 
determine  the  parity  of  colors,  and  angle  of  mavimnm  intendt^y  aa 
in  the  prinuury  bow.  The  loas  of  light  oooationed  by  two  refleottooe 
aeeounti  for  the  feebler  intenuty  of  the  secondary  rainbow.  In  the 
secondary  rainbow,  the  order  of  colors  is  the  reverse  of  the  pri- 
mary, violet  being  outermost 

A  spurious  rainbow  is  often  seen  within  the  primary  rainbow,  as 
shown  at  p  q,  fig.  480.  This  is  formed  by  the  secood  bright  band  of 
each  color,  the  position  and  intensity  of  which  is  represented  at  b^ 
fig.  479.  A  third  and  fourth  bow  are  also  sometimes  seen,  still  interior 
to  the  second,  but  the  colors  of  the  tiiird  and  fourth  orders  are  so  fisr 
.^  mingled  that  only  two  or  three  appear  in  any  bow  interior  to  the 
first  spurious  bow. 

841.  Fog-hows. — Halos. — Coronas. — PaxheUa. —  Fog^wo^ 
which  are  sometimes  seen,  differ  from  the  rainbow  by  the  ex- 
treme minuteness  of  the  spherules  of  water  from  which  the  reflec- 
tion takes  place. 

Hahs  aroimd  the  sun  are  sometimes  seen,  of  45"  and  92**  di- 
ameter :  these  are  explained  by  reflection  IVom  minute  crystals 
of  ice  floating  in  the  atmosphere. 

Coronas^  encircling  the  moon,  are  formed  by  reflection  firom 
the  external  surface  of  watery  vapor,  the  light  thus  reflected  in- 
terfering with  direct  light  from  the  same  source. 


What  is  the  relative  order  of  colors  in  the  secondary  bow  T  Where 
and  how  is  the  first  spurious  bow  8<>en  7  IIow  is  the  spurious  rain- 
bow produced  T  841.  Why  do  fog-bows  differ  from  the  ordinary 
raiobowf  How  are  halos  produced  I  How  are  coronas  feonedV 
What  are  parhelia  T 
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Parhelia,  and  bands  of  light  pusing  through  the  sun,  an 
also  attributed  to  reflection  from  prisms  of  ice. 

Man;  of  thne  phenomena  require  for  (heir  explanatioD  a  refine- 
Dient  of  iDvestigBtioD  not  proper  to  be  iotroduced  in  an  elemeotary 
work. 

842.  Atmoaphetlc  refraction  causes  all  bodies  not  directly  in 
the  zenith  to  appear  more  elevated  than  they  really  are. 

Let  A  B  C  D,  fig.  4SI,  represent  the  external  eur&ce  of  the  atmos- 
phere, and  the  inner  circleB  etraU  of  increas-  4S1 
ing  density  around  the  earth,  E.     Light  from 
any  of  Uie  heavenly  bodies  sitnated  at  a  or  e  ' 
will  snlfer  refraction  by  every  strala  of  air  J^>-A 
more  denn  than  the  preceding,  or  by  agrad-  — 
imtly  increaaiag  density,  it  vUl  be  made  t 
trarel  in  curved  lines,  until  entering  the  eye  of 
the  obaeiver,  (he  bodice  at  a  and  e  will  ap- 
pear situated  at  b  and  d. 

B43.  Iioomlng  is  a  term  applied  to  the  elevation  of  objects  at 
sea  which  appear  elevated  above  their  real  position  by  atmoa- 
pheric  rcfractian. 

Islands  often  appear  tbna  raised  above  the  vater,  48S 

■nd  an  inverted  image  is  seen  below  them.     Distant 
vessels  sometiDias  appear  above  the  hori ton,  when 
their  distance  is  so  great  they  would  be  fir  below  the    , 
hnriion  if  they  were  not  elevated  in  ippearence  by 
extraordinary  refraction. 

In  peculiar  states  of  the  atmonphere,  (hips  have 
appeared  luipended  in  the  clouds,  and  occasionally    , 
an  inverted  image  below  them,  when  (he  real  ship 
was  mostly  below  the  horizon,  as  ehown  in  fig  4S2. 

B44.  The  mlragtt,  often  seen  in  Egypt,  and  other 
■andy  deserts,   ia  caused  by  rays  reflected  from   . 
strata  of  air  heated  by  the  burning  sands.     Dis- 
tant objecls  are  seen  reflected  by  the  heated  air,  as 
of  a  beautiful  lake,  which  disappeam  u  the  thirsty  tniTeUer  ap- 
proai^hcK.     The  phenomena  of  the  mirage  are  shown  in  fig.  488. 

845.   Onion  tA  groovad  platw. — Fine  lines  engraved  t^oa 


a  the  Wftttn 


842.  What  effect  does  the  atmosphere  have  npon  the  apparent  n«> 
ailloD  of  tbe  heavenly  bodies  I  MS.  Explain  the  phenomena  oalUd 
looming.    844.  Bow  la  the  mirage  prodoeed  I 


pdllihed  Bted,  tnd  linw  dwwn  npon  |^  with  %  JUmond  point. 
If  mfflcimUf  near  togetfaer,  csum  ftbeaatifUiiiidHccnMlij  tfaa 
Intetetnoeofll^tTvflectedfromniehiiiiften.    nis  bvMitiftil 


B46.  FlaoTMcence. — XIplpollo  dlcpanton. — Certain  bodies,  as 
fluor-Bpar,  gksH  colored  yellow  hj  oxide  of  uranium,  called  ta- 
nary  ;/iim,  solution  of  Riilphitc  of  quinine  and  infusion  of  the 
bark  of  the  liorsc-choslnut,  possess  the  remarkable  proper^  of 
BO  dispersing  sonic  pnrt  of  the  light  passing  through  them,  that 
the  course  of  the  luminous  rays  becomes  TJsilde. 

Thne  phenomena  ore  beet  eihibit«d  by  briupiog  a  pencil  of  light 
to  a  focus  in  the  interior  of  any  of  Uieae  lubitancca,  by  neaai  of  a 
oonvex  lenii,  ir  h en  tliL' course  of  the  raya  inllbeeonie  riaible,  a«  though 
the  portion  through  wliich  the  light  paneil  hadlieome  Belf-lumiQ. 
out,  The  ray*  of  light  of  higli  retVunglbility,  copecially  the  violet 
and  the  InTbitile  ehiimicil  roya.  Hre  Bubjeet  to  Ihii  kind  of  diaper, 
•ion,  their  refrangibility  la  at  the  anme  time  changed,  and  probably 
theUnjilh  of  their  liunlnon*  irares  ia  locreued,  ao  that  raya  pre* 
TioaalrinTiailileniay  beaecnby  thccvc.  ThesephenonenalMTeberD 
e^led  by  variona  namea,  ai' internal  diaperaion,  epipolie  dispenion, 
and  fluorescence.  The  latter  tenu,  adopted  by  llr.  Slokei  from  fluoi^ 
^r,  ia  conudered  the  mor«  appropriata  term  aa  it  inToWea  bo 
theory. 

S46.  now  do  fine  ffroovea,  or  Itnea  npon  poliahed  lur&cea.  pn>- 
daooeolonl    MIL  What  la  meant  by  ttuoreacanea  I    Fymn  ^at  ia 
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847.  Nature  of  luminous  vibratioiiB. — The  phenomena  of  po- 
larized light  are  justly  regarded  as  the  most  wonderful  in  the 
whole  science  of  optics.  These  phenomena  are  most  readily  ex- 
plained and  understood  by  reference  to  the  undulatory  ttieory. 
It  has  been  stated,  (71 8 J  that  the  vibrations  of  light  move  at 
right  angles  with  the  direction  of  the  rays. 

This  species  of  vibration  may  be  illustrated  by  the  vibrationa  of 
a  cord,  made  fast  at  one  end,  and  moved  rapidly  upward  and  down- 
ward by  the  hand  shaking  the  other  extremity,  as  shown  in  fig.  484. 
If  we   suppose  another  cord   vi-  484 

brating   from   right  to  left,  and * 

others  in  every  intermediate  di-        v 

rflot.inii    XVA  niAV  fnrin  a.  tnlpnthlv  ■      ■■ 


rection,  we  may  form  a  tolerably 
clear  idea  of  the  vibrations  of  a 
collection  of  rays  in  a  beam  of  ordinary  light  A  single  luminous  atom 
may  be  supposed  to  originate  vibrations  moving  in  only  a  single 
plane,  but  an  infinite  number  of  independent  luminous  atoms,  con* 
stituting  a  lamiuous  body,  will  produce  vibrations  moving  in  every 
possible  plane,  which  may  be  represented  by  revolving  that  plane, 
around  the  lino  representing  tlie  direction  of  a  ray  of  common  light. 

848.  Transmission  of  Ivuninous  vibrations. — Opaque  substan- 
ces allow  no  luminous  vibrations  to  pass  through  them.  Some 
bodies  transmit  nearly  all  the  luminous  vibrations  which  fall 
upon  them  ;  other  bodies  are  capable  of  transmitting  only  those 
vibrations  of  light  contained  in  a  single  plane,  or  that  portion  of 
the  vibrating  force  which  can  be  resolved  into  vibrations  in  that 
plane.  Other  bodies,  capable  of  vibrating  in  two  directions,  re- 
duce all  the  vibrations  which  they  transmit  to  vibrations  in  the 
two  planes  in  which  these  bodies  themselves  are  capable  of  Ti- 
brating.  Some  bodies,  by  reason  of  the  position  in  which  an 
incident  beam  of  light  falls  upon  them,  alter  the  direction  of  the 
vibrations  which  they  transmit,  and  thus  produce  a  beam  of 
light,  whose  vibrations  are  all  limited  to  a  single  plane. 

84!).  Change  produced  by  polarization  of  light — A  beam  of 
light  is  said  to  be  polarized  when  all  its  vibrations  move  in  a 

8-17.  What  theory  of  light  affords  the  readiest  method  of  explain- 
ing the  poiarizatiou  of  light}  Explain  the  nature  of  luniiuuu:^  \ibra- 
tioud  acounliii^  to  the  undulatory  theorv.  848.  llow  do  bodies  dif- 
fer in  regard  to  the  transmission  of  luminous  vibrations  I  84tf. 
What  change  docs  polarization  produce  in  a  beam  of  light  f 

23 


Buiglo  plane,  or  in  planes  parallel  to  Bttch  other.  This  imj  b* 
illuslratcd  b?  n  bundle  of  stretched  cords,  all  Tibmtiog  in  OIM 
direction.  If  the  cords  differ  iii  size  or  tension,  the  l«-U)^h«l 
Uieir  vibratioDB  will  differ.  This  maj  illujstntv  the  vibrationa 
of  different  colore,  which  vary  in  the  length  of  their  vibratioofc 
,465  iSn  (83H.)      A  round    rod  maj  bt 

taken  tt  represent  a,  smalt  batm 
of  common  light,  and    the   raiUi 
I  shown  ill  fig.  480  may  repre^mt 
trans  verse    vibrstiona     bj 

which  light  is  propagated  in  or- 

^^^^  dinary  media.  Fig.  48iS  will  tbOB 
it  a  transverse  section  of  a  polarized  beam,  with  vibi»- 
n  planes  parallel  to  each  other. 

.  Resolntloii  of  vlbiatioim. — The  principle  of  resolutioti  of 
forces.  (1 10,)  will  enable  us  to  understand  how  vibrations,  in  an  in- 
finite  number  of  planes  passing  through  the  general  direction  of 
a  beam  of  light,  may  bo  resolved  into  vibrations  in  two  plinca, 
making  with  each  other  any  rei]iiired  angle.  If  II  E.  W-.  A^, 
represents  the  direction  and  intensitj 
of  a  vibration  it  will  be  equivalent  to 
0  a  and  0  c,  in  axes,  at  right  anglM 
to  each  other.  Vibrations  represent- 
ed by  0  F,  0  0,  and  0  If,  may,  in 
nanner,  be  resolvod  into  ri- 
f  brations  in  the  ases  A  B  and  C  D. 
Then  Oa+Oo'+Od+Od-.wOl 
represent  the  intensity  of  the  result- 
ing vibrations  in  the  axis  A  B,  and 
e-f  Oe'+  Oi->r  0  i,  will  rep- 
resent the  intensity  of  the  resulting  vibrations  in  the  axis  C  D. 
If  we  thus  resolve  vibrations  in  an  infinite  number  of  plants 
into  vibrations  in  the  axes  A  B  and  C  />,  the  sum  of  the  result- 
ing intensities  in  the  axis  A  If,  will  be  exactly  equal  to  the  sum 
of  the  intensities  in  the  axis  C  J).  A  ray  of  common  light  may 
therefore  be  considered  as  consisting  of  vibrations  moving  in  two 
planes  at  right  angles  to  each  other.  Any  medium  that  will, 
either  by  its  position  or  internal  constitution,  separate  light  into 

explain  tlie  recolution  of  vibraliona 

ytion*  ill  two  plane*  at  right  aDfle* 

"  To  what  may  the  vibrations  of  b  my  of  ordinary 

light  be  conndered  equivalent  f  When  ia  a  medium  Mud  to  polariia 

light  1 
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two  pftrta,  Tibnting  in  planM  at  right  uiglea  to  each  other,  will 
produce  that  change  denominated  polarization  of  light 

SGI.  Iilght  polarised  by  alMorptlon. — Certain  crjstalH  hare 
the  remarkable  propertj  of  polarizing  all  the  light  which  passes 
through  them  in  particular  directiona.  Thej  appear  to  absorb 
part  of  the  light,  and  cause  the  remainder  to  Tibrate  in  a  single 
direction  only. 

If  a  transparent  tourmaline  is  cut  into  plat«e  one- thirtieth  of  an  ineh 
thick  and  polished,  the  plane  of  section  being  pqrallel  to  the  vertieal 
axis  of  the  hexagonal  prismin  which  this  mineral  cry«talltie«,  the  light 
transruilted  through  such  a  plate  will  be  pi>tsrized.  If  a  Becond  plat* 
it  placed  pantlel  to  the  first,  as  shonn  in  %  488,  tlie  light  trana- 
mitte'l    through  tl>e  Grst  48S  489 

plate,  will  also  be  trans- 
mitted through  the  second 
plate;  but  the  light  will  be 
i'ntirely  obstrneted  if  the 
axis  of  the-seeond  plate  is 
placed  atriglit  angles  with  4%H 

that  of  the  first,  aa  shown  ^  — 

in  fig.  4SV.  A  plate  of  tonrmalins  heeomes,  therefore,  a  convenient 
means  of  polarizing  light,  and  also  an  instniment  for  determining 
whether  a  ray  of  light  haa  been  polariied  by  other  meano.  A  tourma- 
line plate  toused,  iscalledaaanalyEsr,  Cryatalline  plates  of  sulphate 
of  iodo-quinine,  (called  Herapathite,  from  the  name  of  their  dlscor- 
erer,  Mr.  Uerapath.]  act  in  all  reepeets  like  pistes  of  tourmalioi. 

8S2.  Polarisatloa  by  raflsctlon.— ^Whcn  light  falls  upon  % 
transparent  medium,  at  any  angle  of  incidence  whatever,  some 
portion  of  the  light  is  reBected.  When  the  incidcift  light  lUls 
upon  the  medium  at  a  particular  angle,  which  varies  with  the 
nature  of  Uio  subitance,  all  the  reflected  light  is  polarized. 

Let  G,  O,  Ag  4)0,  be  a  plale  of  glaw,  or  any  other  transparent 
medium,  and  let  a  ray  of  ligbt,  ■  h,  fall  npon  it  at  such  an  angle 
that  the  reflected  ray  b  e,  shall  make  an  angle  of  00°  with  the  re- 
fracted ray,  1  d,  than  the  reflected  ray  h  e,  which  represents  but 
a  small  portion  of  the  Incident  light,  will  be  polarized.  If  the  me- 
dium IB  bounded  by  panllal  su^(ac<!^  the  portion  of  the  light  reflected 
(ram  the  lecond  surface,  will  also  be  polarized. 


How  does  light  transmitted  throogh  a  plate  of  tonrmaline  diff 
cnrnmoa  llKnt  T     What  la  meant  ^by  aa  analyirri    803.  Howmff 
light  be  polariied  by  refleedoo  I 
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Hie  angle  of  polarlntion  by  refleetloa  nuiy  b«  detemfaMd  hf 
490  the  foliowingUir.     Tke  tmi^i  wf  !*•  mm^ 

e/  vnddene*  /er  «teA  lAe  nc^iecfe^  rsf  ti 
pohriMed,  ia  tqwml  to  tAc  MdSur  ff  rt/Vurtiw 
/or  lib  r^fUeiimg  wudium.  This  ]*w  np- 
poeeB  the  refleodng  mibeteiiee  more  dcaee 
thftn  the  sarromidiiig  medimn.  If  Uie  Ii|^t 
is  refleeted  from  the  eeoond  lufcee^  m 
when  peiiiiig  from  glMt  or  wtttar  Into  clr ; 
UU  htdtM  e/  n/recdM  ff ir«2t  f A«  etUwigmd  e/  f At  «^fle  i/  fulmri- 
mmOmL  The  pohiruiDg  ugle  for  refleetion  from  gba^  b  66*  IS', 
nekoned  from  the  perpendienlar.  The  polaridsg  angle  for  wnter, » 
66®  11'.  As  the  index  of  refrnotlon  raries  for  diflerent  ooloi%  Um 
poUridDg  angle  varieein  the  aaroe  manner. 

If  a  polaiiied  ray  lalU  npon  a  reflecting  soHaee  at  tho  aagle  of 
polarintion,  and  the  refleeting  sorfiMe  ii  rotated  arooad  tlio  polar^ 
land  ray  aa  an  asl%  when  it  la  ao  plaeed  that  the  plaao  of  JaaMenee 
eorreaponda  with  Uie  plane  In  which  the  ray  waa  polarkad,  tho  po* 
larlied  light  will  be  reflected  jnat  aa  if  it  wore  not  polartaed ;  h«t 
when  the  plane  of  incidence  makes  an  angle  of  90°  with  the  plane 
of  polarization,  the  light  is  entirely  intercepted.  In  'this  respect  a 
reflecting  surface,  at  the  proper  angle  of  incidence,  serrea  the  purpose 
of  an  analyzer,  just  like  a  plate  of  toarroaline. 

853.  Polarization  by  refraction. — When  light  is  polariiced  by 
reflection  from  either  the  first  or  the  second  sur&ce  of  a  tnns- 
parent  medium,  a  portion  of  the  transmitted  light  is  polarized 
by  refraction.  The  amount  of  light  polarized  by  refraction 
is  just  equal  to  the  amount  polarized  by  reflection,  but  as  the 
amount  of  •light  transmitted  by  transparent  substances,  rery 
much  exceeds  the  amount  reflected  from  their  surfaces,  only  a 
small  portion  of  the  transmitted  rays  are  polarized,  or,  more 
properly,  the  light  transmitted  through  a  single  plate  is  but  par- 
Ually  polarized, 

854.  Polarization  by  auooeaalTO  refractioiia. — If  a  ray  of  lighti 
R  R  \9^  transmitted  obliquely  through  a  number  of  parallel  trans- 
parent  plates,  as  shown  in  fig.  491,  a  portion  of  the  light  is  polar- 
ized at  every  refraction,  and  after  a  sufficient  number  of  refrac- 
tions, the  whole  of  the  transmitted  light  is  polarized. 

Light  polarized  by  refraction,  is  polarized  in  a  plane  at  right  an- 


What  is  the  role  for  determining  the  angle  of  polarization  by  . , 
flection  from  the  first  enrfac'e  f  What  is  the  rule  for  the  aecoad  tor- 
fiseet  What  It  the  polarizing  angle  for  glass?  For  water  T  In 
what  eiTeuBiteaMa  can  a  ray  of  li^ht  nolarised  by  refleetUm  be 
again  reflao^'t    %6%.  How  Sa  \^t£Bi\.  ^^t^a.roft^  Vj  T^SxM^tsR^t 
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glM  witli  the  plana  of  polarization  by  rGfiaetion.  Light  poUriicd 
by  reflactioD  Tibntcs  at  right  anglea  with  iU  plane  of  polarinttioD, 
or  Ita  plane  of  reflection,  u  thown  at  B,  fig.  493. 


Light  polarized  by  refraction,  fibratee  alio  at  right  anglea  wltb 
its  plane  of  poUritation.  but  parallel  to  it*  plane  of  retraction,  aa 
■bowD  bC  C,  fig.  492.  Light  not  polarized,  tbongli  Tibratlng  In  an 
infinite  number  of  planes,  ii  equWalent  to  a  syitem  of  ribrHtioni  in 
two  planes  at  right  angles  to  each  other,  as  fhown  at  A,  fig.  4S2. 

BSfi.  Paitial  polarisation. — Light  reflected  or  refracted  at  anj 
oblique  angle  is,  in  general,  partially  polarized,  and  bj  repeated 
reflections  or  refractionB,  the  degree  of  poUriution  is  increased, 
until,  after  n  sufficient  number  of  reflections  or  refractions,  it  ia 
apparently  completely  polarized. 

Let  ilf  iV^,  Eg.  4PS,  represent  the  plane  of  refraction,  »TiAAB,  CD, 
the  axes  of  vibration  for  common  light, 
then  by  repeated  rerneUons  these  axes  J^. 
will  be  gradnally  made  to  approach  i^-)  f 
each  other,  until  they  sensibly  coincide,  ^-J>a 
as  shown  in  the  figure,  when  the  light 
is  said  to  be  completely  polarized.  The  portion  of  light  reflected,  un- 
dergoes n  flmilur  seriesof  changes,  until  tlieazes  of  ribration  senubly 
coincide,  in  a  plane  at  right  angles  to  their  position  in  light  polar- 
iied  by  refrBCtioD. 

8fiS.  Double  refraction  is  a  property  in  certain  crystals  that 
causes  tbe  light  passing  (farough  them  in  particular  directions, 
to  be  separated  into  two  portions,  which  pursue  different  pattaa, 

BM.  How  Is  iigbt  polariied  by  successive  refrnelionsl  How  do 
the  ribrslions  of  light  polarized  by  reflectiun  ditfer  from  the  vlbra- 
tioDS  of  light  potsrized  by  rBfraction  at  the  isme  surrsrel  Se«. 
Whal  is  meaut  by  partial  polarization  I  808.  What  U  meant  bf 
double  refraction  I     What  is  the  tatyii  axis  in  a  crjixa^  ot  \v^»^ 
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t  nowkabl*  ntnUnoe  of  tUi  Und  vHh  wUA  w*  m 

a  riiooiMo  ijrt«dM.  M  dKnrn  in  dg.  4M.    TbaBM 

•  4  about  vUdiiU  itobew  m  ajnmetriMnT  n- 

rMg»d;U  oriW  flion^Jor  Miiof  tho  ei7il»I,  ^  4, 

pine*  c  t  <  pMriag  throiigli  tfao  ul^  .nd  thrcu* 

'  tk«obtM«hUMledg«.y«dlod*.,fa^rf«ZS. 

K«eryBUlofIoelmtid  ipu-,  from  Uf  u  indi.  npwu^  b  thU- 
Mi^talaidapon  ■  ahoet of p^iMr, on  vblchandnwnTutoniUaK 
th^«iUap)MU'doDble,M«lutwnb%4tg.  AB.CD,B^,0B.m 
*»B  th*tMlIinM,M«aiii  tlMtrbM  r  —  hi 

IIm  dotted  llBMibowtko  piMltiMi  of  th« 
•ddhtoBttl  liao^  Mwod  t^  ntnat4^HT 
refrMtkiB.  Tka  Hao  ^  ^  ia  tho  pfaM  of 
prindpal  ttetloD,  U  not  donUod.  .Am 
line  panUd  taAB,  vU  t  tlao  appwu  tf  n^ 
■^  The  ifldei  of  refractioa  for  tbe  ordioary 
r«y  remains  ooaituit,  in  whatover  iiite- 
Uon  lit;ht  paM«*  throngli  the  ktjMmI.  The 
index  of  rebaetion  for  the  estraordiBatr 
ray,  when  panllel  to  the  aiia,  U  theiame 
u  that  of  the  ordinary  ray,  and  differi  most  from  tho  ordinarj  ny 
when  it  passce  through  the  cryatal  at  right  angles  vith  the  »»<« 

The  index  of  refHiction  for  the  ordinary  ray  in  Icdand  spar  !■ 
comtantty  1,6543  =  m.  The  index  of  refractioD  for  tht?  jirHitmr 
ray,  when  it  makes  an  angle  of  90°  with  the  major  axis,  is  1,483$ 
=  fi.  Let  X  =  tbe  angle  which  the  eztnordicary  ray  tQakis 
with  the  major  axis  in  any  other  position ;  and  let  If  =  the  cor- 
responding index  of  refraction  for  the  extraordinary  ray,  ita 
Talue  may  be  delermiDed  by  the  followii^  formula : 


JV  =  Vb»*  +  (n*  — m'j  sin'  *  =  v'^.TSCT  —  0.83C8  sin*^ 

867.  Foaltiv*  and  nogative  oryitila, — PoiitiM  eryttab  are 

those  in  which  the  index  of  refracti<»i  for  the  extraordinaiT  ny 

How  do  lint*  ajipear  whan  leen  thruush  a  natnral  fkee  in  a 
oryaUl  of  IcrUiid  MHtrf  In  whatpoeltion  will  alin«  appear  dn^Iet 
What  l-i  uintiit  hy  thv  extraonlinary  ray  I  In  what  direellaii  mn«t 
the  vxtrnunllMrv  rwv  pau  through  the  oryital,  to  direrge  mott 
widely  fntm  (h*  onllMTy  ray ) 
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U  greater  thtu  for  the  ordinary  ray,  and  the  extraordinarj  ray  is 
refracted  nearer  to  tha  axis  than  the  ordinary  ray.  Quartc  and 
ice  are  examples  of  this  class. 

Negative  cryttaU  are  such  as  have  the  index  of  refraction  for 
the  extraordinary  ray  less  thaii  for  the  ordinary  ray,  the  extra- 
ordinary ray  being  refracted  farther  from  the  axis  than  the  ordi- 
nary ray.  Iceland  spar,  tourmaline,  corundum,  sapphire,  and 
mica,  are  examples  of  negative  orystals. 

Some  crystals  have  two  axes  of  double  refraction,  as  nitrate  of' 
potash,  sulphate  of  barytes,  and  some  varieties  of  mica. 

858.  Polarization  by  donUa  reftaction. — \Vhen  the  tight 
transmitted  through  a  doubly  refracting  substance  is  examined 
with  an  analyzer,  it  is  found  that  both  the  ordinary  and  extraor- 
dinary rays  are  completely  polarized,  whatever  be  the  color  of 
the  light  employed.  The  tourmaline  plate,  or  other  analyicr, 
will,  in  one  position,  transmit  the  ordinnry  image  and  wholly  in- 
tercept the  other,  but  when  the  tourmaline  has  been  rotated  90*, 
the  ordinary  ray  is  intercepted,  and  the  extraordinary  ray  is 
transmitted. 

859.  Hiool't  itiigle  Image  prlim  is  an  inRtrnment  fonn«d  of 
Iceland  spar,  by  which  the  ordinary  image,  produced  by  double 
refraction,  is  thrown  out  of  the  field,  and  only  a  single  image, 
(the  extraordinary,)  is  transmitted. 

An  elongated  prum  of  Iceland  spur  it.  cut  throngh  liy  a  plane, 
E  F,  at  right  BDglM  with  tlie  principol  section,  fi'uin  496 
the  obtuse  solid  angle  £,  fig.  499,  making  an  aogle  of 
S2°,  with  the  obtuM  lateral  edge  K  The  terDiiaal 
bee,  P,  if  ground  away,  bo  aa  to  make  un  angle  of  Ij3° 
with  the  abtUM  tataral  edge,  and  the  upposito  fnce,  P'. 
ii  ground  iu  the  ume  manner.  All  tlie  nvw  fuFCS  iie 
carefully  polished,  and  the  two  parts  are  cemented  to- 
getiivr  again  with  Canada  bHUam.  in  tha  Mine  position 
thay  prcTioaiily  occaplad.  The  lateral  (aces  of  tliia 
ooinpuund  prism  are  all  puinteil  l>lack,  leaving  only  the 
terminal  face.'  fur  the  tranitniuian  a{  tight 

When  a  ray  of  light,  a  b,  lig.  437,  falU  npoD  Uili  prism,  it  i*  re- 
fracted into  the  ordinary  ray  £c,  and  (he  extraordinary  ray  bd.     The 

Sil.  ExplaintliedifTerence between  no-itirc  and  negative  crvst^la. 
U'hut  subataiK'ui  have  two  axes  of  double  rcfnictlon  I  868.  How  do 
the  two  ray*  of  light  polarizeil  by  double  refraction  differ  from  eacll 
other  I  BS9.  How  ii  N'ieol'A  priiin  cuoMructcd  I  Explain  the  aettoa 
of  NIeol's  |>ri*in. 


\ 
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|BM««<  piM*  ^(sn.  WHvMd  •■■•  to  ratal*  «a  bb  i 
tW  1mm  af  tfcclMimant. 

Bihriatd  B^t  bbt  br  appUnl  to  the  tnienamp*.  by  Btoaatiog 
«  XiroTB  |n^  b^wth  Uw  sti^  ms  a  pofariaB,  and  ammtfr  for 
iM  tatijta.  in  tke  body  of  ibe  mkracope,  abore  Uw  oljwt 

Ml.  Oakmd  pofada^kB^mica  a  thin  pbte  oT  adenite. 
■it%araiijotberd(NiUTrafractiaf  sabctance  is  placed  bet««en 
tta  pcltcter  and  the  analjnr  in  the  potariaoope,  th«  light  n 

Ma  HavcaaariMpl*  and  eoDvenicDt  poUrioBg  tDttmiD^i  La 
niMtiatl«il  H*w  «aa  pokriicd  ligfat  b«  applisd  to  investigaUiMM 
*iA  lb*  MiiiiMii|iil    Ut  Deaerib*  the  pbwtmena  of  colitni  po- 
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separated  into  two  beams,  which  follow  different  paths,  and  as 
the  vibrations  of  one  ray  are  more  retarded  than  those  of  the 
other,  when  they  are  reunited,  they  interfere,  and  produce  the 
most  beautiful  colors,  varying  with  the  thickness  of  the  plates, 
and  the  position  of  their  axes  with  reference  to  the  axes  of  the 
polarizer  and  the  analyzer. 

If  the  film  is  rotated,  while  the  polarizer  and  analyzer  remain 
fixed,  the  color  will  appear  at  every  quadrant  of  revolution,  and  dis* 
appear  in  intermediate  positions.  If  the  film  and  the  polarizer  re- 
main fixed,  and  the  analyzer  is  rotated,  the  color  will  change  to  tlio 
complementary  at  every  quadrant  of  revolution ;  that  is,  the  same 
color  will  be  seen  in  position:^  of  the  analyzer  difforini?  180**,  and  the 
complem*entary  color  will  be  seen  at  90"  and  270",  from  the  first  i)o- 
sition. 

Films  of  sclenite,  varying  between  ,00121  and  ,01818  of  an  inch 
in  thickness,  will  give  all  the  colors  between  the  white  of  Newton's 
first  order,  and  white  resulting  from  the  mixture  of  all  the  colors. 
If  two  films  of  selenite  are  placed  over  each  other,  with  their  axes 
parallel,  the  color  produced  will  be  that  which  belongs  to  the  sam  of 
their  thicknesses.  But  when  the  two  films  are  placed  with  their  axes 
at  right  angles,  the  resulting  tint  is  that  which  belongs  to  the  differ- 
ence of  their  thicknesses 

862.  Rotatory  polaxization  is  a  property  which  some  substan- 
ces possess  of  changing  the  plane  of  vibration  in  a  ray  of  polarized 
light,  even  when  it  falls  perpendicularly  upon  it  The  entire 
amount  of  rotation  depends  upon  the  thickness  of  the  medium. 
Quartz,  cut  transversely  to  its  major  axis,  solution  of  sugar, 
camphor  in  the  solid  state,  and  most  of  the  essential  oils,  posaoss 
the  power  of  rotating  the  plane  of  polarization  of  a  ray  passing 
through  them. 

Different  substances,  and  sometimes  different  specimens  of  the  same 
subt^tance,  rotate  the  plant;  of  {mlarization  in  contrary  directiona 
When  the  rotation  tuk«>fl  place  in  the  direction  of  the  motion  of  the 
hands  of  a  watch,  the  medium  is  said  to  have  right*handed  polariza- 
tion.    TIius  we  have  right-handed  quartz,  and  lefl-handed  quartz. 

In  a  bi*am  of  white  light,  the  vibrations  which  produce  rtnl  have 
their  plane  of  polarization  rotated  much  more  than  the  colon  of 
greater  refrangibility.  This  property  varies  inversely  as  the  squares 
of  the  lengths  of  Uic  luminous  waves  which  produce  the  several  oo- 

How  is  the  color  affected  by  rotating  the  film  of  sclenite,  whilathA 
polarizer  and  analyzer  remain  fixed?     How  does  the  color 
by  rotating  only  the  analyzer  1     What  effect  U  produeiid  *^ 
one  film  of  selenite   over  another  ?    862.  Kxplain  tli6  I 

called  rotatory  ptilarlzation. 
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Ion.  The  power  of  rotating  the  plane  of  polarization  beeomca  a 
T«laable  test  for  speedily  determining  the  nature  of  varioua  chemical 
substances,  or  the  strength  of  a  solution  of  any  substance  having  this 
power.  Soliel's  saccharimiter,  for  measuring  the  relative  amount  of 
cana  and  g^ape  sugar  in  solutions  or  syrups,  is  constructed  on  this 
principle.  Such  an  instrument  affords  also  a  ready  method  of  detect- 
ing the  presence  of  sugar  in  diabetic  urine. 

863.  Colored  rings  in  cr3r8tal8. — Colored  rings,  with  a  black 
cross  of  great  beauty,  are  seen  in  thin  plates  of  doubly  refracting 
crystals,  when  viewed  in  certain  directions,  with  polarized  light 

Figs.  499,  and  500,  show  the  appearance  of  the  rings  and  cross  in 
thick  plates  of  quartz,  ic  positions  at  90*"  from  each  othet.     Other 
imi^yiftl  crystals  show  a  similar  system  of  rings  beautifully  colored. 
499  500  501  502 


Figs.  501,  and  502,  show  the  form  of  the  colored  rings  in  biaxial 
crystals ;  e.  g.  some  micas.  Every  doubly  refracting  crystal  presents 
some  peculiarity  in  the  form  and  arrangement  of  the  colored  ringf>seen 
in  its  thin  sections.    This  subject  is  of  great  interest  to  the  uiinerulogi^t. 

864.  Polarization  by  heat,  and  by  compression. — Glass  irreg- 
ularly heated,  or  heated  and  irregularly  cooled,  possesses  the 
power  of  double  refraction,  and  when  viewed  by  polarized  light, 
it  exhibits  dark  crosses,  bands,  or  rings,  varying  with  the  form 
of  the  glass,  and  difference  of  dcnsit}-  in  different  parts.  Similar 
phenomena  niay  be  produced  by  compression,  or  by  bending  roiis 
,or  plates  of  glass. 

805.  Magnetic  rotatory  polarization. — If  a  thick  plate  of  gla^s 
is  applied  to  the  poles  of  a  powerful  electro-magnet,  the  glass  is 
neither  attracted  nor  repelled ;  but  if  a  ray  of  polarized  light  is 
transmitted  through  the  plate  in  a  certain  direction,  the  plane  of 
polarization  is  rotated  as  by  a  plate  of  quartz,   or  other  rotatory 

To  what  practical  purposes  may  rotatory  polarization  be  applied  f 
863.  What  phenomcnu  are  si-en  in  certain  iiyitijl*  when  vicwel  \.\ 
polarized  light  f 


/ 


APPLICATION  OP  POLARIZED   LIGHT.  689 

X>olarizer,  showiDg  that  light  and  magDetism  have  some  intimate 
relation  to  each  other. 

This  rotatory  effect  may  di^pend  upon  change  in  the  tension 
of  the  molecules  of  the  glass  by  the  magnetic  force,  and  not  upon 
any  direct  relation  between  light  and  magnetism. 

866.  Atmoapheric  polarization  of  light — The  light  of  the  sun 
reflected  by  the  atmosphere  is  more  or  less  polarized,  depending 
upon  the  angular  distance  from  the  sun. 

If  the  earth  had  no  atmosphere,  the  sky  would  everywhere  appear 
perfectly  black.  The  coI(»r  of  the  sky  is  produced  by  light  reflected 
by  the  atmosphere.  If  we  look  at  the  sky  through  a  Nieofs  prism, 
we  shall  find,  on  rotating  the  piism,  that  light  from  some  parts  of 
the  sky  is  polarized  to  a  very  appreciable  extent  There  are  several 
points  in  the  sky  where  no  polarization  is  perceptible.  The  point 
in  the  heavens  directly  opposite  to  the  sun,  is  called  the  anti-MoUir 
point  At  a  distance  above  the  anti  solar  point,  varying  from  11*  to 
18°,  there  is  a  point  of  no  polarization,  and  another  neutral  point  at 
an  equal  distance  below  the  anti  solar  point  Another  neutral  point, 
or  point  of  no  polarization,  is  found  from  12"  to  18**  above  the  mid, 
and  a  similar  one  below  it,  but  the  latter  is  observed  with  great  dif- 
ficulty. When  the  sun  is  in  the  zenith,  tliese  two  points  coincide  in 
the  sun.  At  all  other  points  in  the  sky,  the  light  is  more  or  leae  po- 
larized, the  degree  of  polarization  amounting  sometimes  to  more  than 
one-half  as  much  as  by  reflection  from  glass  at  tlie  angle  of  complete 
polarization. 

867.  The  eye  a  polaxiaoopa — The  structure  of  the  crystalline 
lens  is  such,  that  the  unaided  eye  is  capable  of  analyzing  a  beam 
of  light  polarized  by  reflection  or  by  double  refraction.  A  person 
accustomed  to  use  his  eyes  in  viewing  the  phenomena  of  polari- 
zation, can  thus  detect  with  ease  facts  of  this  nature,  which  are 
wholly  inscrutible  to  one  not  familiar  with  such  observations ; 
another  of  the  numerous  proofs  we  have  that  the  eye  is  capable 
of  very  exact  tnttoing ;  but  nevertheless  it  is  a  proof  also  of  an 
imperfection  in  the  eye  itselC 

868.  The  practical  applicationa  of  polarized  light  are  nume- 
rous. The  water  telescope  consists  of  an  ordinary  marine  tele- 
scope, with  a  NicoFs  prism  inserted  in  the  eye-piece. 

864.  How  may  a  polarizing  structure  he  pi 
866.  How   can  magnetism  be  made  to  affeet  a 
How  doet  the  light  of  the  sky  differ  from  tht 
sun?     What  is  the  anti  solar  point?     What  po 
hitit  no  polarization  of  light  i     What  is  the  lu 
pheric  polarization  f 


B  w  vtewiiv alg««to  bMMlh  Iti NrikM.  "  T  iiilwi.  !■ 
■  M  W  filioB.  iWlnfT  ntoaffltepihriMd  partiM  of  Um  n- 
&^  E^^  a*d  BlWn  «)VMte  fcr  bd*«  tk«  h&m  to  1m  MMn 

a*niM  to  Ami  hk  ^Mi- «1&  gcMlw  Mrtafai^. 

JMlWH^iii  iiiiHiniiHnriiii  nfiiiliillinp.fliiiirniiiiriiiihM 
— arf  M  ■pacbdw,  of  pit  ■Tie*.  Lat  tha  ofaMmr  ^h» 
luiMiriB  an  aWqiM  poriljw,  aad  look  at  u  oil  pointiiif;  ■liwi 
AoWKnef  rdhcted  light  TCodna  thootgeeta  in  tiw  painti^ 
fafUUa,  he  hasbot  to  lookthroD^  a  NicoTa  prian,  aotfai  a  pnpir 
yaritkn,  and  tha  entire  diteila  tt  tba  painting  at  onea  haeoMa 


•  thir- 


Mice«eeopr  villi  poUriud  light  I 
Tha  dark  eros?  vhivk  chaogfaital 
peahion  bj  ruiatiog  tbe  aoaljier,  I 
dlitfaiguiahes  etarvh  trvnt  avctv  ■ 
oUi<T  iDtvUQce.  I>ilf«[«Qt  kinds  I 
of  ttareh  are  al>o  Ihiu  readily  I 
di*tiii^>hed  froiaeach  oth«r. 

Bj  means  of  pobAed  light,  Qie  chemist  caa  detect  a 
taen-millionth  of  a  gnin  of  soda,  and  distinguish  it  bxan  potasaa 
or  any  other  alkali.  In  physiological  diemistry,  cspedallj  in  tbe 
axamiaation  of  crystals  found  in  Tarious  cavities  and  flnida  of 
both  aniinals  and  plants,  the  use  of  polarised  ligbt  is  eqwciaUj 
importan'. 

Instead  of  a  few  isolated  fads,  of  interest  ooly  to  the  cnriona 
inquiirer,  the  polarisation  of  light  preacnia  Wialf  aa  a  great  bet 
la  nature,  meeting  us  with  wonderful  reTdationa  In  alUMMt  every 
depaiimcnt  of  natural  science.  By  this  mamioas  property  of 
light,  the  astronomer  determines  that  the  planeta  ahine  hy  re- 
flected light,  and  that  the  stars  are  Belf-luminous  bodia. 


M7.  ^HiM  eTidcDcc  is  th«re  that  the 
BA8.  What  u  thi  peculiarity  of  tlie  water  telmcope 
I*  produced  by  looking  obliqui^lj  at  an  oil  painting 
eor«  ptinit )     What  peculiar  appearnnce  ia  olaerTcd  ii 


a  pirfarifewe 
T     What  effec 


lat  peculia 
March'  when  eiamincd  in  tli< 
tkets  in  chomittty  at.Ji 
poluriwlliglill  ' 


r'nm  af 
What 

;  !-V<i'i  iVie  ^Tsrtitiil  application  of 
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MAGNETISM. 

PROPERTIES   OF   MAGNETS. 

8G9.  Lodeitone— natural  magnets. — There  is  an  ore  of  iron, 
called  by  mineralogists  magnetite,  or  magnetic  iron,  some  speci- 
mens of  which  possess  the  power  of  attracting  to  themselves 
small  fragments  of  a  like  kind,  or  of  metallic  iron.  This  power 
has  been  called  magnetism^  from  the  name  of  the  ancient  city  of 
Magnesia,  in  Lydia,  (Asia  Minor,)  near  which  the  ^^^ 
ore  spoken  of  was  first  found.  It  crystallizes  in  forms  ,^^7*\ 
of  the  monoinetric  system,  often  modified  octohedra,  /I      \ 

like  fig.  504,  and  Ls  a  compound  of  one  equivalent  of  n>0 y 

peroxyd  of  iron  with  one   of  protozyd.  (Fe  0  +     ^\^ 
Fe,  Oi  =  Fci  O4 .)    It  is  one  of  the  best  ores  of  this 
valuable  metal. 

All  magnets  were  originally  lodestones,  or  natural  magnets. 
505  A  lEragment  of  this  ore  rolled  in 

iron  filings  or  magnetic  sand, 
becomes  tufted,  as  in  fig.  505, 
not  alike  in  all  parts,  but  chiefly 
at  the  ends.  Fig.  506  shows 
the  same  mass  mounted  in  a 
frame  of  soft  iron,  I  Z,  with 
poles,  p  p'.  Thus  mounted,  the  lodestone  gains  in  strength,  by 
sustaining  a  weight  fh>m  the  hook  below,  on  a  soft  iron  crow  bar. 
870.  Artificial  magnets  are  made  by  tottch  or  influence  fh>m 
a  lodestone,  or  from  another  magnet,  or  by  an  electrical  current 
Hardened  steel  is  found  to  retain  this  influence  permanently, 
while  masses  of  soft  iron  become  magnets  only  when  in  contact 
with,  or  within  a  certain  distance  of  a  permanent  magnet  Arti- 
ficial magnets  are  more  powerful  than  the  lodestone,  and  possess 
properties  entirely  identical  with  it  Magnets  attract  at  all  dis- 
tances, but  their  power  increases,  like  all  forces  acting  from  a  cen- 
tre, inversely  as  the  square  of  the  distance.  Heat  diminishes  the 
power  of  magnets,  but  if  not  heated  beyond  a  certain  degree, 
1400^  F.,  (full  redness,)  this  power  returns  on  cooling,  and  is 
increased  at  lower  temperatures.  Above  that  point,  the  coercive 
power,  (8b  1,)  is  destroyed,  and  they  lose  all  sensibility  to  mag- 
netic influence. 


809.  What  Ia  the  lo<lett4)no  ?    Whence  t  he  term  magnetttm  f 
it  Mid  of  Diitiiral  luagnotfl  T     IIow  is  their  power  diftrlbuted  f 
are  they  inouiit«df     870.  How  are  artificial  ma^«UiBaAA\ 
Buid  of  the  ]>owvr  of  iiiairnetH? 


ftnt  is  BMX  e^^uaST  JhtiiUiUrt  in  tU  parte  of  a 
t  tani  «ooc«atnic<d  dttcftr  aboQl  Uie  cad^  «^ 

the  ecftCif;  vhkh  is  nratimL  Tlie  pomte  of  gradeBt  at- 
met»»  an  called  pok&  WhcnamapielisroUcdiii  iroii  filing 
ar  flaa^pcttc  sami  the  poealioa  of  tha  poka  is  seen  as  in  Uia  bar 
mgnH^  fig.  509«  vbsae  cantne  is  found  to  be  quite  dervnd  of  the 
attracted  particles  vbaeh  duster  about  the  ends.    The  point  of 

509 


no  attractioQ  is  caUed  the  neutral  point--1iiiaflr  m|^alic  adillcr- 
ence,  or  equator  of  magnetism.  ETenr  magnet  has  at  least  two 
polc6»  and  one  neutral  point  The  magnetic  polas  ara  distin- 
fnshcd  as  N  or  S,  austral  or  boreal,  (A  and  J^)  or  by  tha  i^; 
(+)  and  minus;  (— )  all  these  signs  having  referetice  to  the  earth's 
attraction*  and  to  the  antagonism  between  the  poles  of  unlike 


How  doe»  heat  sffcet  it  f  Name  the  teTeml  torts  of  artifieb) 
oiagnets  ?  871.  How  b  the  mngiietic  force  distributed  f  Whst  era 
the  poles  t    What  Is  the  aeatml  point  f    How  are  poles  OMrked  t 
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nune.  The  law  nguUting  the  distribution  of  magnetic  force  in 
a  bar,  wmi  determined  by  Coulomb,  by  means  of  the  torsion 
balance,  to  be  very  nearly  as  the  squares  of  the  distance  of  any 
given  point,  from  the  magnetic  equator  or  neutral  point 

873.  MMganUt)  phantom — magnaUo  onrvaa. — The  distribution 
of  the  magnetic  force  about  the  poles  of  a  magnet  is  beautifully 
shown  by  placing  a  sheet  of  stiff  paper  over  the  polei  of  a  horse- 
shoe magnet,  and  scattering  fine  iron  filings  or  magnetic  sand 
from  a  seive  or  gauie  bag  over  the  paper.  As  thoy  touch  the 
surface  of  the  paper,  each  filing  aHSumcs  a  certain  position, 
marking  the  exact  place  of  the  magnetic  poles  and  of  the  neutral 
line,  as  seen  in  fig.  510.  The  m^^et  may  be  lud  horiiontally, 
or  a  series  of  magnetic  bars  may  b«  placed  u  in  flg.  filS  pro- 
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ducing  very  pleasing  and  instructive  results  Tapping  the  edge 
of  the  paper  gently  with  the  nail,  or  a  pen-stick,  fucilitutcs  the  ad- 
justnitnt  of  the  filings.  The  curves  exhibited  by  the  magnetic 
phantom  have  been  mathematically  invwtlgated  by  De  llaldat, 
who  fur  tliat  purpose  transferred  them  to  a  glued  paper. 

87!t.  Uognetlc  figursa  may  be  produced  on  the  surface  of  a 
thh)  steel  plate,  by  marking  on  it  with  one  pole  of  a  bar  magnet 
Magnetism  is  thus  produced  in  the  steel  along  the  lino  of  contact, 
which  is  nncrwardii  made  evident  by  magnetic  sand,  or  iron  filings 
Hprinkledon  the  plate.  These  lines  may  b«  varied  or  multiplied  at 
pleasure,  wKh  pleasing  effects ;  their  polarity  is  always  the  reverse 
uf  that  carried  by  the  Ihir.  They  may  be  made  even  tlirougli  paper 
iir  card  hoanl,  and  will  remain  for  a  long  time.    Blows,  or  heat, 

What  kir  rv^inliilei  tliu  ili.nribatioD  of  magnatiiun  1    872.  What 
i>  tlia  uiagnetiv  ]i)iuut<)[ii  I     Uu»  are  Uie  uui^etlc  curvei  uliovn  and 
.....     —    VV'liBt  are  mageetic  figuriM,  and  bow  prodnotJI 


HndfliteslMl  iglMrtlbr  tUi  par^am, 
of  an  indi  tfa&dk,  and  nz  faflhn 


V  a  |iMe«C  hH  iras  b  praMlad  to  fitter  poU  nf  A 
■iaSf^  if.  ^'^  Umk  k  mttractioB,  wUdi  b  reciproeal  between  the 
■MiiW  «mI  liie  uv>D  :  for  if  tke  iron  is  suspended,  and  the  needle  ap- 
ptsMicWd  to  it«  the  iron  is  ettraet«d  by  dther  end  of  the  needle.     IC 

51S 


hov^T«r.  a  m^nel  is  epproecbed  to  the  needle,  -f"  ^  —  there  is  at- 
tia^Uoa;  if  —  to  —  or  -j-  to  -f-  ibere  is  repulsion. 

If  th«  unlike  poles  of  two  eqoal  magnetie  bar^  tufted  with  Iron- 
filing  are  ap|«\>ached,  the  tufts  join  in  a  festoon ;  but  if  the  poles 
are  of  the  «nie  name,  most  of  the  filings  £dl.  For  the  Mine  reason, 
if  a  malefic  Wr.  B,  fig.  51S,  is  slid  upon  another  bar,  il^ef  •qnal 
power  to  S.  as  the  two  o|>posite  ends  approach  each  other,  tfbt  hey, 
prsviously  «u»pended,  falls^  because  the  two  bars  mutually  neutraHae 
«a«h  other  by  the  opposing  action  of  the  austrsl  and  boreal  magaetlmL 


^^•k  What  are  anomalous  majnietsf  Describe  figa.  All  and  611 
TA.  What  Is  the  law  of  magnetM  aUraction  and  repulsion  t  How 
\  it  with  soft  iroaf    BxpLiin  the  experiment  shown  in  flg.  611. 
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876.  Magnetfim  by  oontaot — When  a  mass  of  iron,  or  of  any 
magnetizable  body  is  placed  in  contact  with  a  magnet,  it  514 
receives  throughout  its  mass  magnetism,  of  the  same 
name  as  the  pole  with  which  it  is  in  contact  Thus  in 
fig.  514,  the  key  is  sustained  by  the  north  pole  of  a  mag- 
netic bar ;  a  second  key,  a  nail,  a  tack,  and  some  iron- 
filings,  are,  in  succession,  also  sustained  by  the  magne- 
tism imparted  by  contact  from  the  bar  magnet  through 
the  soft  iron.  Tested  by  a  delicate  needle,  every  part  of 
the  sustained  masses  will  manifest  only  north  polarity, 
and  we  may  regard  them  as  only  prolongations  of  the 
original  pole.     This  is  analogous  to  electrical  conduction. 

Pure  soft  iron  receives  magnetism  sooner  and  more 
powerfully  than  steel  or  cast-iron,  and  also  parts  with  it 
sooner.  Hardened  steel  and  hard  cast-iron,  retain  more 
or  less  of  the  magnetic  force  permanently.  No  other 
metals  beside  iron,  nickel,  cobalt,  and  possibly  manga- 
nese, can  receive  or  retain  magnetism  by  contact  These 
are  therefore  called  the  magnetic  metals. 

877.  Magnetism  in  bodies  not  fermginoaB. — ^Beside  the 
magnetic  metals,  so-called,  Gavallo  has  shown  that  the  alloy,  brass, 
becomes  magnetic  (slightly)  by  hammering,  but  loses  that  prop- 
erty again  by  heat  Some  minerals  are  magnetic,  particularly 
when  they  have  been  heated.  The  pure  earths,  and  even  silica, 
are  found  to  havx)  the  same  property.  In  the  case  of  silica,  and 
some  other  minerals  oontaining  oxyd  of  iron  in  combination, 
this  is  not  so  surprising.  M.  Biot  determined  in  the  case  of  two 
specimens  of  mica,  one  from  Siberia,  (muscovitcj  and  the  other 
from  Zinnwald,  (lithia  mica,)  that  their  magnetic  powers  were, 
(by  the  method  of  oscillations,)  as  6*8,  to  20,  and  ho  remarked,  if 
the  oxyd  of  iron  be  the  cause  of  their  magnetic  virtue,  it  should 
exist  in  the  minerals  in  the  above  proportion;  and  curiously 
enougli,  the  result  of  Yauquelin*s  analyses,  (then  unknown  to 
M.  Biot,)  corresponded,  almost  exactly,  to  these  numbers. 

Some  BiateB  of  chemical  combination,  however,  appear  to  destroy, 
or  cloak,  the  magnetic  virtues  of  iron ;  e.  g,  an  alloy  of  iron,  one  part, 


876.  Illuf^trate  magnetifm  by  contact,  from  fig.  514.    What  Is  the 
polarity  of  the  mass  in  contact  f     Compare  soft  Iron  ^a^  ^ 
Bteel  in  respect  to  magnetic  power.     What  otbam 
netismt     877.  What  other  bodies  does  CavaUr 
What  was  Blot's  observation  on  miea  t    Wte 
of  iron  cloaked  f 


■*•— J  fc«i  imn.  «.6«»ibjS*b«k  to  be  muaiy  dcroid 
^(tic  mImb:  aad  lh<  iMgDed*  povtr  of  nickel  U  eottKlr 

»<»>nc  i»r«no5  o.  ofLC»i<x. 

aa^Mfie  ■!»,  (ntboat  eonbct,)  tb«  puts  contiguous  to 
«p«*  l**e,  »»™8  •■  owoeite.  •«»•«  >»w««  remote  &oa 
WIv  nuM.    Hut  infloeow  ii  oJfed  tnJ.u-I.-on. 

KiB^;.»U.llwJr«dorab>rs>ipMt(i»aa««iH>iitli  ptJar- 

1      >9     «d«.  u  A™.  u»  .re  of  hud«M4  M«<i, 

1       X^         llM7>inreui..».ll  p«rti«.»f  tfa.  m^    1 
■      V                Bctic  force  induced  &om  •  pow»rtW   \mr,  but     1 
"^^g  >         -..if  tt*T  m«  c-f  ««  i««.  Ilwy  -m  r-M  wlOi  U       ' 

\f: 


the  • 
InthiacM^  t)i«in«igiMtuadbMn|Mva 

•  t«ad<»ej  to  more  np  to  Um  magBcC,  aad  an 
prcTcntcd  odIj  by  frwttoii  aad  gT**i^.  T^ 
attraetkm  w  redprocal,  and  va  beoee  iate 
that  thM«  is  indoction  in  evoy  «aM  of  magnetie  aUiaetion. 

In  the  iron -filinga,  arranged  in  magnetie  currca,  fig.  010,  on  a  i\»m 
plate,  or  sard  board,  the  wme  lav  U  obaerred. 

Soull  pieces  of  Mft  iron  wire  (upended  from  the  «nda  of  a  thread 
near,  and  parallel  to  each  other,  when  approached  by  a  bar  magnet, 
raedve  indoeed  magnetism,  the  farther  ends  dimging  by  inataa!  ra- 
pnlsion.  Twoaewing  Dcedlea  thai  so^iended  and  inflnoeed,  become 
permanent  magnets. 

The  ingenuity  of  the  teacher,  aided  by  saeh  fcintlUi-  worka  aa 
'  Davis'  Manoal  of  Uagnetiem,'  or  '  Harris'  Rudiment^'  vill  fomU 
many  pleanng  and  instTDCtive  iljaitrations  of  magnetic  IndnctioB. 

879.  nMoratlcal  coutdnationa. — The  real  luture  of  the  nH^ 
nedc  force  is  unknown  to  us ;  but  the  analogies  offered  bj  dee- 
tKHuagnetism  and  magneto-electricitj,  lead  to  the  oontlittoA 

878.  What  Influence  sarroaads  a  magneLT    What  la  this  poveT 
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that  it  is  but  one  mode  of  electrical  excitement  Magnetism  af- 
fords no  phenomena  immediately  addressed  to  the  senses,  unlike 
the  case  of  light,  heat,  and  statical  electricity.  It  is  distinguished 
from  statical  electricity  by  its  permanent  character  when  once 
excited,  and  by  the  yery  limited  numbei*  of  substances  capable 
of  receiving  and  manifesting  it 

880.  Theory  of  two  fluids. — It  may  be  assumed  that  there  are 
two  magnetic  or  electrical  fluids,  (the  boreal  or  positiye,  and  the 
austral  or  negative,)  which  are  in  a  state  of  equilibrium  or  com- 
bination in  all  bodies ;  that  in  iron,  nickel,  &c.^ these  two  forces 
are  capable  of  separation,  by  virtue  of  the  inductive  influence  of 
the  earth,  or  of  another  magnet,  while  in  other  bodies,  this  per- 
manent separation  cannot  be  effected.  The  two  magnetic  forces 
are  never  seen  isolated  from  each  other,  but  are  always  unit^  in 
one  bar.  Bence  we  cannot  have  a  boreal  magnet,  or  an  austral 
magnet,  as  we  may  in  statical  electricity  produce,  at  pleasure, 
vitreous  or  resinous  excitement  over  the  whole  surface  of  a  body. 
Both  names  must  co-exist,  and  if  wc  break  a  magnetic  bar  at  its 
neutral  point,  we  have  two  magnets  of  diminished  force,  but 
each  half  has  its  two  poles  like  the  original  bar,  and  its  neutral 
point  alsa  The  anomalous  magnets,  figs.  611, 512,  will  render  this 
statement  intelligible.  Every  magnet  must,  in  this  view,  be  re- 
garded as  an  assemblage  of  numberless  small  magnets,  every 
molecule  of  steel  having  its  own  poles,  antagonistic  to  those  of 
the  next  contiguous  particle.  This  conception  is  rendered  more 
evident  by  fig.  516.  Hence  the  H  and  S  poles  of  the  several 
particles  each  point  in  one  016 

way,  and  towards  the  J^Tand 
S  ends  of  the  bar.  These  op-  ^ 
posing  forces  therefore  con-  «•«•  «•  «•*»  $  n  t  n  t  %  § 
stantly  increase  from  the  cen- 
tre or  neutral  point,  where  they  are  in  equilibrium,  to  the  end?, 
where  they  find  their  maximuuL  This  arbitrary  explanation 
enables  us  to  conceive  how  such  a  body  may  excite  similar  man- 
ifestations of  power  in  another,  without  itself  being  weakened, 
and  how  each  part  becomes  a  perfect  magnet,  if  the  bar  is  broken. 
The  experiment  shown  in  fig.  518,  illustrates  well  the  re-union 
of  the  two  fluids,  to  form  the  neutral  state  of  the  undecomposed 
influence. 


What  is  said  of  the  exlAtence  of  these  f    How  may  every 
be  regarded!    illustrate  thia  tnm  fig.  616.     How  do  Iro^ 
the  magnetic  pastes,  Ac,  illustrate  it  \ 


De  Hnldat  Iub  atiou-n  that.  ■  br&M  tabe,  fiUnj  «itb  iron-fitinn, 
[  •onfioed  by  Bcrewed  enpii  of  braai,  eon  be  magnetii^J  by  any  of  the 
ee  Dsed  for  bare,  >nd  huve  its  polea  and  nentral  point  like  »  bar 
I  nB){"^  1  *"■'  ''■  ^r  ooncuMion.  tbe  particlei  of  iron  »re  dUitrrangcd. 
I   tin  magn«Lic  tarce  dlminiDlics,  and  finallj^  ditsppmrs. 

~  IS  mu^etio  pMtM  uf  I>r,  Kuiglit,  and  ol  IngcDhouz,  &lso  illn»- 
\  tovte  the  faot,  thflt  little  particles  of  mngnetie  iron,  or  of  paWeriied 
t  Jodcclonc,  could  dttUrmiDe  the  ejdetence  uf  the  iruignetic  [H>les,  anJ 
LtKseDtral  line,  when  they  vere  cempacted  into  a  luaas,  bj  drying 
I  ^U,  ur  eouie  gunimjr  eubatance. 

Even  eo  nnaU  a  qnanlitj  aa  oue-sisth  of  ferrueiiions  pirticlea.   In 
I  Si-e-sixtha  of  sanil  or  earthj  matter,  can  be  mngnetixed   as  a  bar. 
lowing  vleorly  lh«  decompoiition  o(  the  aeulral  fluid  in  each  par- 
f  tide 

il,  Ooarcive  force The  renislAnce  which  most  sabstaaces 

F  flhow  to  the  induclinii  or  nugnetiRm,  has  been  distinguished  bj 
r  the  term  eoercite  J'oree.  In  soft  iron,  this  force  may  be  regarded 
t  D  minimum,  since  it  will  receive  magnetic  induction,  eren 
from  being  placed  in  the  line  of  magnetic  dip,  while  in  sted 
which  has  been  hardened,  it  requires  a  peculiar  maoipulatiao 
to  induce  any  permanent  magnetiem.  Soft  iron  pArts  with 
its  induced  magnetism  as  readily  as  it  rec^res  it;  bot  if  it  ik 
hardened  by  blows  or  violent  twisting,  or  by  small  ptuHoiM  ol 
phosphorus,  arsenic,  or  carbon,  combined  with  it,  »  portion  of 
ma^etism  is  pscmsnently  retained. 

Aa  blovB,  by  hMideniag.  may  iadaee  pannanent  magaelitni  ia  loA 
Iron,  M>  in  steel,  tb^tsoerdve  force  may,  by  ^mple  vibratioti,  aa  bj 
blows  an  a  magnetio  bar.  or  by  an  aecidental  Call,  deatroy  a  larn 
part  of  the  force  developed,  by  giving  opportanity  to  the  coar^rt 
force  to  resume  its  aupremacy.  In  general,  whatever  oatlM  indnees 
hardneu,  increases  the  coeroive  force,  and  eonveraely  It  i*  ^mlnithed 
by  amiealing,  or  any  eause  which  r«su1ts  in  aofUning  the  maaa, 

TnHESTklAL   MAfiKBTlSV. 

862.  JUagnetio  nMdl&~DirecUve  tendency, — ^A  magnetia 
needle,  suspended  over  the  poles  of  a  horseshoe  magnet,  onnaa 
to  rest  in  the  plane  of  the  poles ;  and  in  obedience  to  the  fimdft- 
mental  law  of  magnetic  attractions,  its  A  and  B  poles  will  b* 
oppoute  to  the  B  and  A  poles  of  the  attracting  magnet,    na 
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suspended  needle,  in  fig.  617,  Msumcs  its  position  by  reason 
of  the  same  law,  and  comes  to  rest  with  its  A  pole  toward  the 
JVpole  of  the  earth,  and  its  B  pole  towards  the  South.  All  bar 
magnets,  haying  a  firee  motion  in  a  horizontal  plane,  arrange 
themselves  in  this  manner  in  every  part  of  the  earth. 

This  directive  tendency  of  tiie  magnet  has  been  known  to  Euro- 
pean nations  since  the  12th  century ;  517 
but  was  known,  it  is  said,  to  the  jf 
Chinese  2000  B.  C.     The  earliest 
mariner's  compass,  used  by  Syrian 
navigators  in  1242,  was  a  common 
sewing  needle,  rendered  magnetic, 
thrust  through  a  reed,  or  cork,  and           y^^ 
allowed  to  float  on  water.    (Klap-  g  ,,.•'' 
roth.)    This  directive  power   ren- 
ders the  compass  invaluable  to  the 
explorer  of  a  pathless   wilderness, 
to  the  surveyor  and  the   miner : 
the  mineralogist  and  the  physicist 
also  find  it  indispensable  in  many 
researches. 

The  terms  ati»tral  and  boreal,  have  been  applied  to  the  polarity 
of  the  magnetic  needle,  in  allusion  to  the  free  austral  and  boreal 
magnetism  assumed  to  exist  respectively  in  the  southern  and  north- 
em  regions  of  the  earth.  In  accordance  with  magnetic  law,  the  end 
of  the  needle  pointing  north  is  called  aii«lr<f/,  aad  that  pointing 
south,  boreal  For  greater  simplicity,  the  mariners'  compass  ia 
marked  N,  on  that  point  which  turns  to  the  norli|»  and  conversely ; 
but  the  terms  austral  and  boreal  may  be  used  interchangeably  with 
positive  and  negative,  or  north  and  south  polarity. 

Tke  marinerif  eompa$9  hat  a  card  attached  to  the  magnetic  bar  and 
is  centered,  to  traverse  with  it  on  the  point  of  snspenrion.  Tliis  card  is 
divided  into  thirty- two  points,  seven  between  each  two  of  the  car- 
dinal points,  N.  E.,  S.  W.  The  whole  is  suspended  on  gimbalds,  or 
universal  joints,  in  a  box  conveniently  disposed  for  illumination  at 
night 

The  astatic  needle  is  an  instrument  in  which  the  directive  tendency 
of  the  earth's  magnetism  is  neutralized,  by  placing  two  equal  needles, 
a  6,  b'  a',  fig.  518,  parallel,  one  above  the  other,  with  their  unlike  poles 
opposed  to  each  other.    This  system  is  suspended  by  a  fibre  of  raw 


882.  How  does  a  magnetic  needle  aet  between  the  polee  of  a  bona* 
shoe  magnet  ?    How  towards  the  earth  f    Give  the  history  of 
needle.    How  are  the  terms  aostral  and  boreal  need  ?    How 
mariners'  coropasa  eonttnicted  f    What  is  the  aatatio  neadU' 
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rilk,  and  is  a  most  sensitlTe  test  for  feeble  magDetic  cnrreniiL     Soeh 
518  is  the  construction  adopted  in  the  galTaniscope,  to 

be  hereafter  described.  The  two  needles  muat 
be  of  exactly  equal  force,  or  a  6  and  a*  &,  iHIl  not 
neutralize  each  other,  and  the  system  will  have 
a  directive  tendency,  equal  to  any  differenee  of 
force  in  the  two  needles 

The  most  simple  astatic  needle  is  made  by  touch- 
ing a  steel  sewing  needle,  at  its  centre  of  weight, 
by  the  N.  pole  of  a  powerful  magnet ;  the  point 
touched  develops  two  S.  poles,  and  the  two  ends 
are  N.    Such  a  needle  is  very  nearly  astatic 
888.    Bftagnetio  meridian — declination  or  waxiatloii. — ^There 
are  but  few  places  in  the  world  where  the  magnetic  needle  points 
to  the  true,  or  astronomical  North,  and  in  all  other  places,  a 
plane  passing  through  the  axis  of  the  magnetic  needle,  (the  mag- 
netic meridian,)  fails  to  coincide  with  the  geographical  meridian. 
Moreover,  the  magnetic  meridian  in  any  given  place  is  not  con- 
stant, but  changes  slowly  from  year  to  year,  (called  secular  vari- 
ation,) being  now  on  the  E.,  and  again  on  the  W.  side  of  the 
true  North.     This  is  called  the  dedination  or  taruition  of  the 
magnetic  needle.     The  declination  is  called  Eastern,  or  Western, 
according  as  it  may  be  to  the  East  or  to  the  West  of  the  astro- 
nomical meridian.     The  angle  formed  by  the  meeting  of  the  true 
and  the  magnetic  meridians  is  called  the  angle  of  declination. 
Thus,  at  Washingtorf  city,  the  angle  of  declination  in  1 855—6, 
was  S*'  44'-  2  W.,  and  at  New  Haven  it  was  6**  37'  -9  W.,  in 
1848—9. 

Columbus,  in  his  first  voyage  to  America,  found  the  needle  to  have,  as 
he  sailed  wcstwardg^,  an  increusiug  variation  from  the  true  North,  a 
circumstance  which  caused  the  greatest  consternation  in  his  6upor- 
etitious  crew,  "  who  thought  the  laws  of  nature  were  changing,  and 
that  the  compass  was  about  to  lose  its  mysterious  power."  (lrving*s 
Columbus.)  Notwithstanding  these  and  other  similar  observations, 
it  was  not  until  the  middle  of  the  17th  century,  that  the  variation 
of  the  compass  was  an  established  fact  in  magnetic  science.  The  ob- 
servations on  the  declination  of  the  compass  in  England,  date  frrm 
1680.  Tlie  following  table,  from  Harris,  contains  the  declination 
with  the  mean  rate  of  motion,  as  referred  to  certain  periods  of  ob- 


883.  What  is  said  of  the  maj^netic  meridian?  What  is  secular  va- 
riation ]  What  is  the  angle  of  declination  ?  What  is  said  of  Co- 
lumbus! Give  the  changes  in  England  for  270  yearsw  What  did 
Dr.  HaUey  do,  and  where  ? 
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aervstion  in  London,  betveen  ICSO  and  I8S0,  or  kboat  tica  baodred 
and  leventy  j«ara 

Eutern  DccUuUoii.         Zero.  Wmem  D«UutlDn. 

Years,  1580.  1SS2.  leSO  1892.  11S0.  176S.  1816.       1850. 

DecIinaUoD,  11°  16'     B°        0        8°       IS°      20°  24"  41'  22°  80' 
IUte[>er}'««r,    T        8'      10'       11'     ll'-6      9'        0'  B' 

Thos  in  a  period  of  eigbty  y eari  fron  the  Eret  obBervBtioti,  the 
seedle  gradually  reached  tha  trae  meridian,  and  then  fur  a  period  of 
one  hundred  and  fifty-eight  years  It  moved  Westward,  reacbiog  lU 
maximum  Westerly  declination  in  1B18,  and  it  14  now  agnin  slowly 
moving  ElaEtwarda.  Tb«  rat«  of  this  moTemcot  is  not  uniform,  but 
is  greater  near  the  minimum,  and  least  near  the  maximum,  point  of 
declination. 

The  first  attempt  to  Bystomatiic  the  variations  of  the  magnetic 
needle,  and  to  connect  bj  lines,  called  Uogonie  lines,  all  tboee 
places  on-the  earth  where  the  declination  was  Himilar,  was  made  by 
Ualley,  about  1700.  He  thus  discovered  two  distinct  lines  of  no 
inclination,  called  agonic  lines,  one  of  which  ran  obliquely  over 
North  America  and  across  the  Atlantic  ocean,  and  another  de- 
scended through  the  middle  of  China  and  across  New  Holland, 
and  he  inferred  that  these  lines  commiinicAted  near  both  poles  of 
the  earth. 

8S4,  Tatiatloii  chart. — laogonal  Uhm.— In  Ag.  619  is  soenk 
OIS 
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projection  of  the  lines  of  equal  and  no  declination,  on  a  Blercators' 
chart  of  the  earth,  embracing  observations  down  to  1636.     The 


864.  Dcicribs  the  cliaH,  fig.  519.     What  ii  shown  to  flg.  HOI 


(T:.-*n  Ur,*  cf  no  variatitui,  or  nifcne.    crosses  the  eastern 
- :   :" S.--.;-,y.  Aku-HuM,  in  htiiii<ie  -lis' i,  ^kirliilhe  windwnnl  An- 

T,  -.rv.ry  N-.-r-.l;  I'ir.'iiiia  ni-»r  oapi-  Liiok-oiit,  ami  passing 

.r*(  :  ■  lij^on's  Riy.  Tiw  I'liief  Asiulio  a^nc,  |fi>r  in  foci 
K  ari'  ;«!>  '^v.ti■  i-f  no  variation,!  iflur  trarorsing  the  [nrljoii 
ir.  :r.  a  Si^^ihtrly  Uireotion.  crises  the  n-estem  |iart  of  New- 
;:»r.J  r.tar  to»i;iiud«  1-J'.>'  E.  All  the  entire  lini>s  on  this 
ri::;".:,-i:e  Wi'stj-rn  dniUtation.  ivhi!i>  the  dotted  lines  mark 
:trr.  .livl-iiUav  Aiwrdin;:  to  ilit  thi-ory  of  Gauss,  tlie  emi- 
.:  i.>ir;:.i:i  i>;T,^7,i"jnr.  n-.i  lines  of  e<)iwl  rariatioii  can  fortu 
l't-^!:-.^  "rr.::,::if,.irW  lanin-ntstoeaeliolt.er ;  but  when  there 
,  K '•-  f  "i--:i  wh-i'b  ihtf  declination  is  li-is  than  outside  snr 
t;  ■■;:  ::'  ::s  ;::Li!:;r;j  line,  tlw:  line  must  Una  a.  loop,  the  two 
:-..--.if  inurSkVliniTal  rlfh-.ang'e*.  The  -tbserved  line  of  3*  -to' 
"...  r---:e.,\  Ka:it:f!i:iy  iiliistrati-s nn>l contimis  this  thcoretkid 
;:;.-;:,  ss  >i:,.w-  .■::  Ilie  clian,  iV.  "il!', 
.;  -.r.^  >i:  .  i-.:.i>;r^:e*  :iu-  circaiu;-jlir  relations  of  the  com?s- 
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vation  has  shown  a  wonderful  oonfonnity  between  the  theory  of 
Gauss  and  the  facta. 

885.  Daily  vaziatlonfl  of  the  magnetio  needle. — ^Besides  the 
great  secular  movements  of  the  magnetic  needle  already  noticed, 
(888,)  it  is  found  to  vary  sensibly  from  day  to  day,  and  even 
with  the  different  periods  of  the  game  day.  The  most  refined 
means  have  been  in  our  time  applied  to  the  exact  investigation 
of  this  phenomenon,  first  noticed  by  Graham,  a  London  optician, 
in  1722.  It  has  been  shown  that  the  north  pole  of  the  needle 
begins  between  seven  and  eight  A.  M.  to  move  westward,  and 
this  movement  continues  until  one  P.  M.,  when  it  becomes  sta- 
tionary. Soon  after  one  o^clock  it  slowly  returns  eastward,  and 
at  about  ten  P.  M.,  the  needle  again  becomes  stationary  at  the 
point  from  which  it  started.  During  the  night,  a  small  oscilla- 
tion occurs,  the  north  pole  moving  west  until  three  A.  M.,  and 
returning  again  as  before.  The  mean  daily  change,  as  observed 
by  Capt  Beaufoy,  is  not  quite  one  degree.  This  daily  disturb- 
ance of  the  magnetic  needle  is  undoubtedly  due  to  the  action  ofL 
the  sun,  and  it  will  therefore  vary  in  different  latitudes.  In  the 
Southern  hemisphere,  the  daily  oscillations  are  of  course  reversed 
in  direction  to  those  of  the  northern  hemisphere. 

The  annual  variation  of  the  needle  was  discovered  by  Cat^sinl,  in 
1786.  We  have,  therefore,  Ist,  the  great  teeular  variaiiongf  contin- 
ued through  long  periods  of  time ;  2d,  annual  variations^  conforming 
to  the  movement  of  the  sun  in  the  solstices;  8d,  daily  nariationOf  con- 
forming nearly  to  the  periods  of  maximum  and  minimum  tempera- 
ture in  each  day,  and  lastly,  irregular  variation*,  connected  with  the 
aurora  borealis,  or  other  coamical  phenomena,  which  Humboldt  hat 
calle<l  magnetic  otofwu, 

886.  Sip  or  Innlfaalimi. — ^A  needle,  hung  as  in  fig.  622,  within  a 
stirrup  upon  the  points  a  ft,  the  whole  system  being  suspended 
by  a  thr»Eul,  will,  before  magnetizing,  if  carefully  accosted,  stand 
in  any  position  in  which  it  may  be  placed.  If  now  the  needle 
be  magnetized,  it  forthwith  assumes  the  position  seen  in  the 
figure,  its  polo  dipping  toward  the  North  pole  of  the  earth.  In 
this  latitude,  (41°  18')  the  dip  was,  in  1848,  73**  81''0.  Such  a 
needle  is  called  a  dipping  needle^  and  if  constructed  as  in  the 
figure,  it  shows  both  the  declination  and  dip,  or  inclination,  of 

885.  Describe  the  daily  variations  of  the  needle.    What  oli 
variation  are  distinguished  f     886.  Describe  the  appar 
How  does  it  sUnd  in  thU  laUtude  1    What  is  it  called  f 
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tMmstrial  ioAgnetiBm  for  any  giyen  loeilitj.  As  the  whiM  iji- 
tem  is  free  to  moye,  it  will  obvioualy  amnge  Haelf  in  the 
netio  meridian,  and  ita  position  of  eqniBliriiini  will  be  tlia 
ant  of  the  two  forcea  of  dedioation  imd  dipu  AppnmdUng  tfca 
equator,  tiie  dipping  needle  beoomes  conatantlj  leaa  and  Um  in- 
clined, nntil  at  last  a  point  ia  fiwnd  where  It  la  qaite  horiaonta^ 
and  this  point  will  be  in  the  magnetic  eguaior;  an 
idkne  near,  but  not  coincident  with,  the  equator  of  ilia 

622  The  dIaeoTtej  of  the  OMgnatia  dip  or  la- 

olinatloii,  wm  made  hi  lft76»  hgr   Bobgt 
Normao,  a'pmetloiJ  opttdaa  <if 
who'eonftraeted  the  iltat  dlp|iiBg 
by  which  he  detomfaied  the  d^ aii 
at  that  time  to  be  nearly  VS*.    Jhm 

netie  dip,  like  the  dedtaatka^  la  anlfeel  ta 
eontiniial  and  progrcMJye  elMuigaii^  hatt 
■eeolar  and  periodioal,  andU  la afc thii  m^ 
meat  rapidly  deereanng.    Thna  at  Ti^y^doa 

in  1676  it  was  71*  60',  in  1676  it  had  be- 
come 78**  80',  and  in  1728  it  waa  74°  48', 
having  then  reached  its  mazimiun.  In  1790 
it  had  decreased  to  71^  8',  and  in  1800  to 
70*  86'.  Sabine,  in  1 821,  fixed  it  at  at  70* 
8',  and  Kater,  in  1830,  at  69^  88'.  It  ia 
now,  in  England,  abont  68^  SO*,  hariDg  de- 
creased in  128  years  abont  6*  12',  or  at  the 
rate  of  nearly  8'  yearly,  the  mean  ananal 
moTement  firom  1880  to  1860  being  at  the 
rate  of  more  than  4'  yearly,  while  between 
1728  and  1790  it  was  about  2'6'  yearly, 

showing  an  accelerated  and  retarded  movement  in  the  seeular  ohangas 

of  the  dipping  needle,  or  magnetic  inclination. 

887.  The  action  of  the  earth*!  magnetlam  on  the  dipping  needk 
is  neatly  illustrated  by  the  simple  arrangement  seen  in  fig.  588, 
where  the  magnetic  bar  «  71,  is  placed  horizontally  on  the  diam* 
etcr  of  a  semi-cirde,  representing  an  arc  of  the  meridian,  on 
which  a  small  dipping  needle  is  made  to  occupy  Buccessirely  the 
position  scon  at  a,  a\  a",  a' 


,tif 


What  two  forces  influence  it  ?  Give  the  history  of  this  discovery 
and  the  changes  at  London.  887.  Describe  the  experiment  shown 
in  fig.  628. 


At  a',  Qie  needt«  li  hori- 
■ontal,  bdog  at  the  magDctio 
equator,  and  eqnalljr  aettd  on 
by  both  poles.  In  every  other 
poaition,  the  iaflneiice  of  one 
pole  muit  predominate,  to  a 
greater  or  lau  extent,  OTer 
the  other.  Several  seiring 
needles,  snspeDded  over  a 
magnede  bar  at  eqnal  i3ii- 
tanees,  one  over  OKih  end, 
one  over  the  centre,  and  one 
intermediate,  will  illnrtrate 


the  NUD«  point  aatialkctorilj. 

sea  XMpplag  DMdla.— The  dipping  needle  of  Btot,  Bhown  in 
fig.  S34,  is  wholly  of  brus,  ftnd  embraces  two  gndiuted  cirdM, 
m  and  M,  one  hor-  624 

isontal  and  onerer- 
tiod.  The  circle, 
M,  with  its  sup- 
porting fhune,  A, 
mores  in  azimuth 
over  m,  by  which 
it  is  placed  in  the 
magnetic  meridian. 
It  is  levelled  by  the 
level,  n,  a^usted 
by  three  koearl- 
ed  heads  in  the 
feet  The  needle, 
a  b,  la  suspended 
on  the  bars,  r.  To 
Hz  the  magnetic 
meridian  by  this 
instrument,  the  cir-  ^ 
de,  m,  is  revolved  ^ 
until  the  noodle,  '--_ 
a  b,  stands  vertical 
«nd  points  to  90°,  it  ia  then  in  the  magnetic  equator,  a  position 
of  course  eiactly  S0°  from  the  magnetic  meridian,  which  is  then 
obtained  by  revolving  the  frame,  A,  DO"  backwards.     The  an^ 

SeS.  Deicribe  Blot'*  dipping-needle  How  ii  the  true  magnelle 
meridian  aeoertainedby  It'  What  errors  are  involved,  and  how  are 
they  correeted  I 


A  « <),  ia  th«  m^  of  indination,  (or  dip,)  lad  is  road  on  Qw  vs  M. 
Two  mull  eiTon  of  obaarration  ezut  in  tlili  liiili  imiiiiil ,  lal^  ft^ 
the  fiMt  that  Um  mogneUa  uli  of  tha  needle  doee  not  -HiinM«  «tt 
the  azU  of  lUfom,  end  Sd,  from  the  ebeomMuoe  Uwt  tha  0Hta«rf 
grarltf  of  the  needle  doee  aot  lie  in  the  pofaili  of  wa^mai^am,  nl 
that  therefore  the  aogte,  4  e  a,  U  greater  or  laM  thaa  tha  traa  u^ 
of  inolinalioD,  by  a  very  mall  qnantlty.  The  fint  la  nniieelad  Vg 
Mrrenng  the  plane  of  the  Inttmmeot,  bj  a  rerolation  of  IM*,  M 
taking  tha  mean  of  the  two  reading! ;  the  eeeond,  by  loieiili^  tti 
polailty  of  the  needle  by  tonoh  on  the  opporitepcdeaof  twohwFin^ 
net*, provided  forthe  porpoaa.  By  tUamean^  the  eoBtre  of  gnvta 
la  hronght,  fint  above,  and  than  below  the  point  of  nspaulo^  m 
the  mean  of  the  two  reading*  b  the  Uxu  an^  aonghb 

869.  *»mW»»»H.«i  twp,  or  laocUsal  Unati — In  fl^  BBBl  ta  bi> 
anted  amercator'spnjectiooofthellneaf  nod^  ermafptaSM 
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ticcd  that  the  magnetic  ia  below  the  tcrrostrisi  equator,  in  all  tha 
western  hemisphere,  and  is  above  it  in  the  eastern,  crossing  It 
near  the  island  of  St  Thomas,  in  longitude  3  E,  and  again  in 
the  Pacific  ocoan.  These  points  of  intersecli<m  of  cotme  my 
with  the  progrcssiTe  changes  of  the  magnetic  dip.  The  groalest 
declination  of  the  magnetic  equator  from  the  equinoctial  lin^ 
amounts  to  about  20°  N.,  near  bS'  E.  longitude,  and  its  g 
Boutbero  declination  is  13°,  in  about  40°  W.  longitude,  near 
bay  of  Bahia,  on  the  East  coast  of  South  America. 

889.  DMcribe  the  chart,  fig.  S2S.     What  i>  *hown  in  fig.  UI. 
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The  inclination  of  the  needle  at  any  place  is,  approximately, 
twice  its  magnetic  latitude.  (Kraft) 

Figure  621,  shows  the  relation  of  the  isoclinal  lines  of  80%  and 
85*"  in  the  northern  hemisphere,  to  the  lines  of  latitude,  and  to  the 
N.  magnetic  pole,  near  Baffin^s  hay.  Sir  James  Ross,  in  18312, 
found  the  needle  to  dip  near  Prince  Regent's  inlet,  lat  70*"  N.> 
longitude  Od*"  N.,  within  one  minute  of  90". 

It  is  to  he  ohseryed,  that  the  lines  of  equal  magnetic  inclina- 
tion (isoclinal  lines,)  are  found  to  approach  in  position,  with  very 
considerahlo  conformity,  to  the  isothermal  lines,  or  lines  of  equal 
temperature,  thus  indicating  a  close  relation  hetween  the  earth's 
magnetism  and  the  distribution  of  the  terrestrial  heat 

890.  Bftagn«tic  inteniity. — It  is  plain,  from  the  phenomena  of 
the  magnetic  declination  and  dip  already  considered,  that  the  dis- 
tribution of  magnetic  force  over  the  earth  is  unequal,  although  in 
general  it  is  most  active  about  the  poles,  and  least  so  about  the 
equator.  The  question  arises,  how  may  the  magnetic  intensity 
at  any  given  point  of  the  earth  be  determined  ?  This  question 
is  answered  by  the  use  of  the  needle  of  oscillation,  A  large 
number  of  fiicts  serve  to  show,  that  a  freely  suspended  needle  in 
a  state  of  oscillation,  is  influenced  by  the  magnetic  force  of  the 
earth,  in  a  way  analogous  to  that  of  a  common  pendulum,  oscil- 
lating by  the  influence  of  gravity ;  and  that  hence  by  moans 
of  such  a  needle,  we  may  determine  the  ratio  of  the  intensity  of 
terrestrial  magnetic  force  throughout  the  whole  extent  of  the 
earth's  surface. 

This  mode  of  determining  the  magnetic  intenuty  in  different  re- 
gions of  the  earth,  was  first  suggested  by  Grabam,  in  Vl^b,  and  was 
afterwards  more  AiUy  perfected  and  employed  by  Onlomb,  Hum- 
boldt Hansteen  and  Gausa  Hnmboldt  carefally  determined  the  time 
of  a  given  number  of  oscillations  of  a  small  magnetic  needle,  first  at 
Paris,  and  afterward  in  Pern.  At  Paris,  the  needle  made  two  hundred 
and  forty-five  osclUaUons  in  ten  minutes :  in  Pern,  it  made  only  two 
hundred  and  eleven  in  the  same  time.  The  relative  intensities  were 
therefore  as  the  square  of  these  two  numbers,  or  as  1 :  1  *8482,  which, 
assuming  the  point  on  the  magnetic  equator  in  Peru  as  unity,  will 
give  the  magnetic  intensity  at  Paris  as  1*3482.  This  kind  of  observa- 
tion has  Rince  been  extended  to  nearly  every  known  part  of  the 
globe,  and  full  tables  have  been  publisheif,  giving  the  results.  Thus 
the  intensity  at  Rio  de  Janeiro  is  0'887  ;  Cape  of  Good  Ilope,  0*946  ; 

To  what  do  the  Inoclinal  lines  approach  7  890.  What  is  magnetia 
intensity  t  How  is  it  ascertained  f  How  does  the  needle  of  osclUa* 
tion  act?  Give  Humboldt's  results.  What  American  results  ara 
named  f 
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¥«ni,  1*;  KAplM»l*274.  Ptfis,  1*848;  B«riin,  1-864;  XiOiidiNi^i 
St  Petenbnrg,  IMkOS;  Baffin's  Bay,  I'Kft. 

Th%  moat  complete  ataiemeni  of  the  Taaolta  of  AnMriam 
tioiia  on  tha  magnetio  elements,  has  lately  bean  pabliahad  by  Ofe  4 
D.  Baehe»  in  BiUiman's  Jonmal,  [2]  xnr,  p.  1,  w]i«f«  all  tfba  «ife 
nbifinniHniia  arn  nnllatdlj  iritb  thn  mnro  mtimilafl  rawilto  rf  thaChMl 
Bnnrey,  wi1&  maps. 

89L  Jbo^nuonio  Unea,  or  liaes  of  eqnil  pomwr^  mxm  wmhm 
eonneot  places  in  whidi  obseryatioiia  show  the  iiuignalieiiiftaH^f 
to  be  equal  These  lines  are  not  always  penllel  to  Hm 
lines,  although  nearly  so,  and  the  points  of  grestest  mod 
tensity,  are  not  exactly  identical  with  the  poiiila  of 
ksst  inclination.  Hence  the  intensity  of  tho 
may  not  be  ereiywhere  the  same.  These  Unas  oi«  pnMb^ 
oorraof  doublecurvatureretuniingintotheniselTQSi  JmjJjrliynl 
•zistflnoe  of  two  intensity  poles,  the  western,  near  Hiidaoii*a  B^^ 
in  kt  50 N.,  Ion.  90"*  W;  sndtheesstemorSiberiaapola^ 
VO*  N.,  and  Ion.  120<^  E.  The  two  southern  polea  haTO 
placed,  one  to  the  south  of  New  Holland,  in  lat.  00*  SL,  Ioil 
140°  £. ;  the  other,  in  the  South  Pacific,  idso  in  lat  60''  S.,  but 
Ion.  120''  W.  These  four  poles  are  not  therefore  diametrically 
opposite  to  each  other. 

The  terrestrial  magnetic  force  increases  toward  the  south  pob; 
nearly  in  the  ratio  of  1 :  8,  and  as  both  the  maximum  and  ndnlBiaiB 
magnetic  intensity  on  the  globe  are  found  in  the  southern  heni» 
phere,  it  would  appear  that  the  ratio  of  1 :  3  ezpreasea  rery  neariy 
the  maximum  and  minimmn  magnetio  force  of  the  whole  earth. 
From  the  profound  inquiries  of  Gauss^  it  appears  that  the  absolute 
terrestrial  magnetic  force,  considering  the  earth  as  a  magnet,  ia  equal 
to  six  magnetic  steel  bars  of  a  pound  weight  each,  magnetiaed  to 
saturation,  for  every  cubic  yard  of  surface.  Compared  with  one 
such  bar,  the  total  magnetism  of  the  earth  is  as  8,864,000,000,000,- 
000,000,000  :  1,  a  most  inconceiYable  proportion.  (Harris.) 

892.  The  inductive  power  of  the  earth's  magneiiam  is  mani- 
fested by  the  polarity  developed  in  any  bar  of  soft  iron,  or  of 
steel,  placed  in  an  erect  position,  as  in  fig.  526,  or  better,  in  the 
angle  of  the  dip  of  the  place.  The  end  of  the  bar  toward  the 
earth  is  always  austral,  boreal  magnetism  existing  at  the  upper 
end.  By  and  a  neutral  point  at  the  centre,  M.  These  &cts  are 
demonstrated  by  the  action  of  a  small  needle,  hold  in  the  hand 


891.  What  are  isodynamie  lines!  What  is  said  further  of  th 
lines  t  Give  the  ratio  of  intensity  in  the  southern  honisphera 
What  is  GauseT  deduction  of  the  total  intensity  of  the  earth  7  893^ 
How  is  the  earth's  magnetism  illustrated  in  fig.  626  f 
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at  the  three  positions,  shown  in  the  figure.   If  the  experiment  were 
made  in  the  southern  hemisphere,  the  polarity  would  he  reversed. 

For  this  reason,  all  masses  of  iron  standing  in  a  vertieal  position 
become  magnetic.     In  soft  iron  this  magnet-  626 

ism  is  transient,  but  in  steel  tools,  especial- 
ly such  as  are  subject  to  vibration,  as  drllM^ 
the  magnetism  developed  is  permanent 

Barlow  found  that  globes  of  iron,  like 
bomb  shells,  a  foot  or  more  in  diameter,  be 
come  miniature  copies  of  the  earth  by  vir  - 
tue  of  the  induotiTe  force  exerted  upon  them 
by  the  earth's  magnetism ;  having  a  mag- 
netic axis  in  the  line  of  dip  at  the  place  of 
experiment,  and  an  equator  at  right  angles 
to  their  axia  Delicate  needles,  poised  on 
the  equatorial  line  of  such  globes,  suffered 
no  disturbance,  while  in  any  other  position 
on  the  sphere,  both  declination  and  dip 
were  manifest 

Barlow  further  discovered,  that  such  a 
sphere  of  iron,  placed  in  a  certain  relation  i 
to  a  compass  needle  on  board  a  ship,  united, 
and  harmonized  the  local  attractions  of  the 
ship's  iron,  so  as  to  free  the  compass  from 
the  effects  of  such  disturbing  causes. 

898.  SjTStam  of  slmnltaneoas  magnetic  obsenrationB. — ^The 
distinguished  Prussian  philosopher,  Alex.  v.  Humboldt,  in  1886, 
proposed  to  the  scientific  world  to  set  on  foot  a  series  of  con- 
nected and  simultaneous  observations,  to  be  made  over  as  large  a 
portion  of  the  earth*s  surface  as  possible,  for  the  purpose  of  elim- 
inating the  laws  relating  to  the  magnetic  forces. 

In  accordance  with  this  suggestion,  the  leading  governments  of 
Europe,  (France  excepted,)  and  many  of  the  scientific  societies  both 
in  the  old  and  new  world,  commenced  such  observations,  with  instru- 
ments specially  contrived  for  the  purpotM),  and  in  buildings  made 
without  iron,  boUi  on  and  beneath  the  earth's  surface.  Expeditions 
were  sent  to  tiie  Arctic  and  Antarctic  circles,  to  Africa,  to  South  and 
North  America,  and  to  the  Pacific  ocean,  while  at  numerous  stations 
in  India,  Russia,  Europe,  and  North  and  South  America,  hourly  and 
simultaneous  observations  have  been  carried  on  for  a  long  period,  and 
in  many  places  are  still  continued.  In  Uiis  way  a  great  mass  of  facts 
has  been  accumulated,  from  a  careful  comparison  of  which  the  law* 

What  was  Barlow*s  observation  on  shells  of  iron  7    898.  Deset*' 
the  system  of  magnetic  observations.     What  remarkable  tm 
these  is  mentioned  f 
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-Jt  terrostriAl  mftgnetliin  already  aimoiiiieed  luiro  hmu.  cduMd  «r 
confirmed. 

Perhaps  the  most  remarkable  remit  of  theae  obaerrmtions  la  Ike 
&ct  first  estabBahed  by  them,  that  not  only  the  greater 
the  earth's  magnetism,  hnt  the  most  ttlniite  and  imgolar 
anees  oeenr  at  the  samJPktaat  in  plaeeallie  moat  diataat  Ih 
other,  dioving  a  wonderftil  oonneetloii  aad  oohieidBiiea  in  lih* 
of  these  phenomena  throng^ont  the  worid. 

894.  TA.^  ^w>^jp^^  4^^,,>^_-'PK^  jiui*><..ii»  -ancffgh  phita 

pher,  Faraday,  has  demonstrated  thai  all  matter  is  mitijoot  to 
magnetic  influence. 

As  the  OYldenoe  on  which  this  important  indoetloa  rsato  ia  iililsflj 
derived  firom  the  use  of  eleetro-magnetiBD,  ita  partleolar  nrnistdwi 
tion  is  more  conveniently  referred  to  that  snljeet   Hia  general  Tlew^ 
oonnected  with  terrestrial  magnetiflm,  may  be  thns  stated.    AH  ttmm 
both  above  and  within  the  limits  of  our  atmoiphere  msy  ba  regarded 
as  traversed  6y  Unet  of  force,  among  which  are  the  Bnea  of  magneth 
force.    The  conation  of  the  space  snrronnding  a  magne^  or  btiwe^ 
its  poles,  (872,)  may  be  taken  as  an  illnstration  of  this  aseomptioB. 
It  is  not  more  difficult  to  conceive  of  force  existing  without  matter, 
than  the  converse,  and  it  is  certain  that  we  know  matter  chiefly  by 
the  effects  it  produces  on  certain  forces  in  nature.    Tlie  lines  of  mag- 
netic force  are  assumed  to  traverse  void  space  without  change,  bnt 
when  they  come  in  contact  with  matter  of  any  kind,  they  are  either 
concentrated  upon  it,  or  dispersed,  according  to  the  nature  of  the 
matter.     Thus  we  know  that  a  suspended  needle  is  attracted  mximilf 
by  a  magnet,  while  a  bar  of  bismuth,  and  many  other  solid,  liquid, 
or  gaseous  bodies,  similarly  placed  between  the  poles  of  a  magnet, 
are  held  in  a  place  at  right  angles  to  the  axis,  or  s^tiatortaily.     Hence 
all  substances  may  be  classified  either  as  those  which,  like  iron,  point 
axially,  and  are  called  Paramagketio  substances,  and'  those  which 
point  cquatorially,  and  termed  DiAMAONEna    The  force  which  urges 
bodies  to  the  axial  or  equatorial  lines  is  not  a  central  force,  but  a 
force  differing  in  character  in  the  axial  or  radial  directions.     If  a 
liquid  paramagnetic  body  were  introduced  into  the  field  of  force,  it 
would  dilate  axially,   and  form  a  prolate  spheroid ;  while  a  liquid 
diamagnctio  body  would  dilate  cquatorially,  and   form  an  oblate 
spheroid. 

The  diagram,  fig.  627,  will  serve  to 
render  more  clear  the  action  of  diamagnet- 
ic  and  paramagnetic  substances,  upon  the 
lines  of  magnetic  force.  Thus  a  diamag- 
netic  substance,  D,  expands  the  lines  of 
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894.  Explain  Faraday's  lines  of  magnetic  force.  Illustrate  it  from 
fig.  527.  Explain  the  terms  axially  and  cquatorially.  What  are 
bodies  so  attracted  called  7 
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force,  and  causes  tliein  to  open  outwards,  while  a  paramagnetic  body, 
P.,  concentrates  these  lines  upon  itself.  Bodies  of  the  first  class  swing 
into  the  equator  of  force,  or  lie  at  right  angles  to  the  line:^  of  force, 
while  those  of  the  paraniagnetic  class  become  axially  arranged,  paral- 
lel to  the  lines  of  force. 

896.  Atmoaphttrio  iiuigii«tiBiii« — ^TAlfliscoyery,  by  Faraday,  of 
the  highly  paramagnetic  character  of  oxygen  gas,  and  of  the  neu- 
tral character  of  nitrogen,  the  two  chief  constituents  of  the  atmos- 
phere, is  justly  esteemed  a  fact  of  great  importance  in  studying 
the  phenomena  of  terrestrial  magnetism.  We  thus  see  two-ninths 
of  the  atmosphere,  by  weight,  consisting  of  a  substance  of  emi- 
nent magnetic  capacity,  after  the  manner  of  iron,  and  liable  to 
great  physical  changes  of  density,  temperature,  ^,  and  entirely 
independent  of  the  solid  earth.  In  this  medium  hang  suspended 
the  magnetic  bars,  which  are  used  as  tests,  and  this  magnetic 
medium  is  daily  heated  and  cooled  by  the  sun's  rays,  and  its 
power  of  transmitting  the  lines  of  magnetic  force  is  thus  affected, 
influencing,  undoubtedly,  those  diurnal  changes  already  con- 
sidered. 

896.  Notions  of  the  origin  of  the  earth's  magnetiam. — ^Two 
hypotheses  have  hitherto  divided  the  opinions  of  philosophers  in 
explaining  the  phenomena  of  terrestrial  magnetism. 

The  older  of  these  views,  (Hansteen's,)  assumes  the  existence  of  an 
independent  magnetism  in  the  earth,  with  its  focus,  or  seat,  near  the 
earth's  centre.  This  internal  power  manifests  itself  chiefly  at  four 
points  near  the  surface,  two  of  which,  at  the  opposite  ends  of  the 
supposed  magnetic  axis,  are  the  most  energetic,  and  are  known  as 
the  magnetic  poles.  The  minor  polos  have  their  own  independent 
axis,  and  ijiove  around  the  principal  axis  from  west  to  east  in  the 
western  hemisphere,  and  the  reverse  in  the  southern,  giving  origin  to 
the  well  known  phenomena  of  the  secular  variation  of  the  needle. 
However  well  this  hypothesis  met  the  facts  of  terrestrial  magnet- 
ism some  years  since,  the  rapid  progress  of  our  knowledge  of  mag. 
netic  phenomena,  both  terrestrial  and  general,  within  a  short  period 
has  materially  changed  scientific  opinion.  Tlio  diurnal  and  irregular 
variations  in  the  magnetic  forces,  cannot  be  explained  upon  Han- 
steeu's  hypothesis,  and  especially  the  simultaneous  occurrence  of 
these  disturbances  at  different  points  of  observation.    Nearly  all 

895.  What  is  said  of  atmospheric  magnetism  1    How  is  it  related 
to  terrestrial  magnetism  f     Illustrate.     896.  Give  Hansteen's  t^^'^-v 
of  terrestrial  magnetism.    What  objections  now  eodtft  to  tU** 
is  tliu  present  opinion  1 

a4» 
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^odiet  M6  now  kiown  to  h%  §iMe<ptibto  to  migattta  iwfl wm^  ipMU 
tfao  Tm*^™"*"  and  ndnimnm  nutgnetio  inteiMity  are  Ibad  ia  tfcoM 
ngions  of  the  gbbe  where  the  minimum  aad  "»*'»*»*"*Ti  of  wipMrmhl 

heat  exist 

It  is  henee  now  ar^ed,  that  the  eroBt^  or  imrfiao^  and  not  tba  i» 
iirior  of  the  earth,  la  lliijpll  of  the  ma^petio  fovMu  Hiat  tibia  faM 
ia  maidfeited  with  least  efeiergy  at  the  equator  of  *"^|pi1*iM^  aal 
with  inereasing  power  toward  the  polei^  where^  oa  in  aa  actSfteld 
magnet,  it  attains  its  ma]dmitm  development^  beettoaa  them  w«  fill 
the  most  perfect  separation  of  the  magnetie  flnida:  that  tbe  ooeieiia 
foree  (881)  of  the  materials  of  the  earth's  snrfaee  ia  raaolrod  lij  tiht 
solar  heai  and  that  the  depth  to  wUeh  this  separatioii  oeeon  fa 
eloseiy  eonneeted  with  the  mean  heat  of  the  earUi^  eraal^  If  not  ab* 
adately  dependent  upon  it  Axes  and  poles  have^  thereftM^  la  tIsv 
of  this  hypothesis  no  erlstenoe  in  fret»  hot  arc  nurcly  niiimiilwi 
maihematieal  terms  for  expressing  onr  ideaa  of  nagnetto  phaunia 
ena  mere  eloaely,  jnst  aa  in  erystaUognqphy  wo  employ  tha 
tenns  for  tha  same  reasona 

In  conformity  to  this  Tiew,  the  maTiifestaliom  of  tlia 
forces  will  vary  with  sll  the  ^nmsl  changes  of  temperatore^  S^^laff 
the  relation  of  cause  and  effect  between  these  changes,  and  the  mag- 
netic perturbations.  Tne  annual  fluctuations  in  the  mean  tempera- 
ture of  the  earth's  surface,  will  therefore  be  reproduced  in  correr 
poud ing  movements  in  magnetic  declination  and  ^p.  Henee  the  mag- 
netic meridian,  ano  the  system  of  isoclinal  and  isogonio  enrves  ought 
to  correspond  closely,  ds  they  do,  with  isothermal  lines,  and  the  pe- 
culiar distribution  of  temperature  in  both  hemispheres^  Indeed,  we 
may  assume,  should  this  hypothesis  prevail,  that  the  differences  now 
noticed  between  the  isothermes  andisogones,  (due  probably  to  imper- 
fect observations,)  will  vanish  under  new  and  more  extended  re- 
eearchea.  * 

PRODUCTION  or  1CAG5ET8. 

897.  Artificial  magnets  are  produced  (1)  by  touch,  or  fnction 
from  another  magnet,  (2,)  by  induction,  (8,)  by  electrical  cur- 
rents, and  (4)  by  the  solar  rays. 

The  method  by  touch  is  accomplished  by  very  Tarious  modes 
of  manipulation,  of  which  we  shsJl  describe  only  one  or  two,  re- 
ferring the  reader  to  larger  treatises  on  magnetism  for  fuller  do- 

IIow  is  terrestrial  magnetism  related  to  heat  and  cold  f  How  is 
the  coercive  force  of  the  earth  resolved  t  What  of  axes  and  poles 
in  til  is  view  t  State  the  conclusions  arrived  at  from  this  view  f  897. 
Uow  are  artifidal  magnets  produced  f 
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taOB.  Since  the  introductios  of  the  method  b7  electro-ttugnet- 
Igm,  the  old  methods  of  producing  megnets  by  touch  are  fir  leaa 
important  than  formerly. 

898.  ^M  olroimutaiicea  efleotiiig  the  vain*  of  magneta  are 
chiefly  the  nature  and  hardness  of  the  steel,  the  form  and  pro- 
portion of  its  parts,  and  the  mode  of  Keeping.  The  most  uni- 
form and  fine-grained  cast-steel,  wrought  with  as  little  disUirb- 
ance  of  its  particles  as  possible,  forms  the  best  magnets. 

Thia  U  tempered  u  high  ai  poidble,  and  the  tamper  it  then  drawn    ' 
by  heat  to  a  violet  itraw  color,  at  which  hardneM  it  hat.been  fonnd 
to  receiye  and  retain  a  nuud-  033 

mem  of  magneUnn.  The  pro- 
portions ofa  barmagnet  ibould 
be,  for  width,  abont  oae-twee- 
tieth  the  length,  aod  the  thiali- 
neM,  one-third  to  one-foorth 
the  width.  In  a  horte  ahoe, 
the  distance  betwean  the  polei 
ought  not  to  be  greater  then  the 
width  of  one  of  the  polee.  The 
faeea  ehoeld  be  nuooth  aod  lerel, 
and  the  whole  Barboe  be  highly 
poliahed.  It  i*  quite  euential 
for  preserving  the  power  of  a 
magnet,  that  its  polea  ehoold  be 
joined  by  a  keeper  or  armataro 
of  aolt  iron,  made  to  fit  Its  level 
ends,  and  be  suspended,  as  seen 
io  fig.  ESS,  Thuiaimed,  a  mag-  ] 
net  gains  power ;  but  if  left  un- 
armed, it  1011011  material  loss. 
Bar  magncta  are  arnngedai 
fig.  fiS9,  either  four  magneti  with  their  oppodte  poles  in  eoB- 
taot,  or  two  magnetic  bars,  side  by  side,  with  two  pieces  of  soft  Iron 
joining  th^  opposite  polea 

fl29 


I.  Blagnets  bjr  touch, — ^Touch  one  pole  of  « 


u — ^Touch  one  pole  of  »  powdtaynfc^ 

I  the  *alard||^^^^^^^^^^^^^| 

of  fona  an^^^^^B^^^^^^^^^^I 

^      ^1 
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net  with  one  end  of  a  sewing  needle,  or  the  point  of  a  pen-knile; 
and  it  becomes  instantly  a  magnet,  attracting  iron-filings  and  re- 
pelling or  attracting  the  magnetic  needle.  The  coercive  force 
has,  in  this  case,  been  decomposed  by  simple  touch.  If  the 
magnet  is  very  powerful,  a  near  approach  of  the  needle  to  it 
without  contact  will  develop  a  feeble  magnetism  by  inductioiL 
(902.) 

More  powerful  magnetism  i?,  however,  developed  by  drawing  the 
bar  to  b^  m.igDotiz«d,  from  its  centre  to  the  end,  several  times  over 
one  fhAv  of  a  loagnot,  r«rtuming  It  each  time  through  the  air,  and 
repeating  the  stroke  in  the  «^me  direction.  Then  place  the  other 
pole  in  the  middle  of  the  bar,  an<l  stroke  the  opposite  end  as  befom 

Two  magnets  may  be  placed  together,  with  their  dissimilar  pol«a 
in  the  middle  of  the  bar,  as  in  fig.  530,  and  then  be  moved  in  oppo- 

530 


-     '■  '— -    A*  > 


elte  ■:iroo:;«T.?,  at  a  low  a::i:l»-.  to  tlio  extremities  of  the  bar,  as-l 
the  in.r rojrijition  y.\  Th..-  b.ir  vill  be  more  ]H»werfijl  at: J  ?j-»eoilv  if  it 
rtrf*.>=  ':v  i:- eu.l*  on  tl.e  iw..»  oj»j»-.»t:!.'  eiiil- of  tw.>  other  miicnet*. 
09  i.ra..-t:o»;  1  V-y  C':•u^.■:!l^.  W^  i:ispv.;tinjj  the  letters  in  fi»r.  5C'), 
tbl?  arr.ini:onu'!it  w  ill  le  ijv.ite  clear.  Care  is  tiikt-n  to  prevt-r.t  the 
ends  of  the  two  iiirline-l  >ar?  frt»iii  tonohiri:::.  by  placinir  a  bit  »>f  drv 
wood  brtweeii  them.  Ti.id  is  called  tinqlt  touch,  and  is  ti»  I'O  ox- 
plained  in  acct.»rdaTiee  wItU  .S^n.) 

To  ir.iiLTi.etize  a  bar  by  m.-ans  c-f  the  double  touch,  two  l»ar?  or  horse 
tho''  L;njrnt«  are  fasteue'l  tOi^ttber,  with  a  w.;d^e  of  dry  wood  be- 
twe-n  thein,  ^^.'  that  their  diesiiiiilar  p«»lv*  may  be  abuut  a  quartt-r  of 
an  iiu.'li  tt?uiidt. r;  or  a  hi-rsf  .il.oo  mai:n'=-t  may  be  Ufed  if  i:*  poIt:j 
are  quite  near  to::et!nr.  Th.-  mairnet.  in  t);is  mode,  i*  placed  up- 
riirht,  on  ilie  mid-ile  of  tl.i-  bar,  an-J  i?  then  nipidly  drawn  towardii 
it:*  end.  takiiu'  ear«*  iliat  r.tither  of  it:*  pole?  glidei^  over  the  end  uf 
the  bar.  The  mairuet  i*  then  pa?T«-l  ov.  r  the  uppv-ite  end  of  the  bar 
as  before.    Thepi»le<  wi^l  bedi;«riiiiilart*.itho?e«'ftheto-johin:r  in.'ii;r.et- 

^O***.  Horse  shoe  magnets  arc-  easily  in.njrnotiztd  by  connecting 

>'.•'.•.  Kxj'lain  ma^.  ti-in  by  ti-«;i']i.  AVbrii  ii.a'iij'u!n!ioii  i-s  ii?ed  f.tr 
siT'.jle  louch  f  Explain  Couloiiil..'?  nunb'.  15.^.  Oo«».  Kxplain  di^uMt- 
touoli. 
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the  open  ends  by  a  soft  iron  keeper,  while  another  horse  shoe 
magnet  of  the  same  size  is  passed  from  the  poles  to  the  bend,  in 
the  direction  of  the  arrow  in  fig  681,  the  poles  being  arranged, 
as  indicated  by  the  figure. 

The  easiest  mode  of  obtaining  a  maximom 
magnetic  effect  In  a  bar,  by  touch,  is  that 
of  Jacobi,  viz. :  to  rest  its  ends  against  the 
poles  of  another  magnet,  and  then  to  draw  a 
piece  of  soft  iron,  called  a  feeder,  from  it  seT- 
eral  times  along  the  bar.  This  mode  is  applied 
to  horse  shoe  magnets,  as  seen  in  fig.  632. 
The  dissimilar  poles  are  placed  together,  and 
the  feeder  is  drawn  over  the  horse  shoe,  in  the 
direction  of  the  arrow ;  when  it  reaches  the  curve,  it  is  to  be  replaced, 
and  the  process  repeated ;  turn  the  whole  over  without  separating 
the  poles,  and  treat  the  other  side  in  like  manner. 

A  horse  shoe  of  one  pound 
weight  may  be  thus  charged, 
BO  that  it  will  sustain  26*6 
poundai  By  the  best  method  of 
touch  before  known,  fig.  681, 
21  Iba  9  oz.  was  the  highest  attainable  result  (PeiehelL) 

901.  Magnets  by  electro  magnetlim. — ^The  mode  of  producing 
electro-magnetic  currents  will  be  hereafter  described.  By  their 
means,  powerful  magnets  of  soft  iron  are  easily  produced,  and 
from  these,  by  the  methods  of  touch  just  described,  very  pow* 
erful  artificial  magnets  may  be  made. 

LogemAnn,  of  Haarlem,  in  Holland,  has  in  this  way  produced  the 
most  powerful  magnets 
ever  made.    One  in  pos- 
session  of  the   author 
sustained  28^  Iba  ;    its 
own  weight  being  1  lb. 
The  mode  of  producing 
these  powerful  magnets 
wlllbe  understood  fr  o  m 
fig.  638.     A  spiral  of  in- 
sulated copper  wire,  f,  is  wound  on  a  paste-board  tube»  A  B,  in  the 
manner  of  the  electro-magnetic  helix.    The  bar  to  be  magnetized  is 
armed  with  two  heavy  cores,  or  cylinders  of  soft  iron,  5  i^T,  Just  fit- 
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900.  How  are  horse  shoe  magnets  magnetized  1  Explain  the  mode 
in  fig.  682.  901.  What  of  map^etsby  electro-magnetism  7  What  of 
I»geiuAnn*s  modo  t    Kxplain  ^.  638. 


ttiig  Oe  fawda »t  Oil  ^liali'wbB  Is  UiplMit  Iba  wiidrAi 
■plnil,  fl  *,  ■!«  Moiwetad  -wHli «  hr  edb  of  Otioro^  «r  BmmmA 
battarj,  and  (b*  pmrerftd  t«mponiT  magnatlm  faj—it  fa  ifet 
nuaw  of  Mft  iroD,  rfrwsta,  to  indnM  an  nnMauooBlj  ■liiwig  p^^ 
nent  mtgnetiam  Is  tha  bu  of  rtML  A  hon*  ■*"*-*'"mnl  ia  i^Mgil 
ifi  ft  dmilar  way  bj  aBatnUsg  it  witb  a  liaUx  of  pwyg  ba^  ^tt 
rimllar  aniiatnna  of  soft  Iron.  Tlia  oLm  analogy  of  tUa  WMiih  la 
Hiat  of  JoeoU,  in  tbe  ktt  teetioB,  tOI  ba  notiaai 

909.  Oompaaai  Bugnata  are  mada  of  acnnl  pUas  of  ila^ 
■•pantely  magnetued,  aa  in  fl^  607  and  580.  Ai  tlM  uuimum 
power  of  Bteel  ^)pcan  to  be  a>nraom^  tiikBf,  on  ita  trlfrf^ 
Ihn  to  an  adrant^a  Id  nmltiplybig  tlia  mmibn  ai  plata^  bri 
aa  «adi  plate  aerna  to  neotraliio  a  porlieii  <f  Om  pidvlty  of  Hi 
Bilgfabor,  (■fanilBr  pcdea,  at  aenMpify,  bring  broij^  inis  «»■ 
iMt^)  thne  ia  aom  fbond  a  limit  beyond  wUdi  Ami*  b  h>  a^ 
vantage  in  eztendiDg  tbeaa  battwlea. 

BU  I«rse  magnate  na  set  aa  povaifU,  In  p*. 

portion  to  tlulr  w^^  aa  waaTI   eaa«    Or 
Iiaae  Newton  ii  Mid  to  hava  wtOB  In  hfa  Ai^Hh 
ring  a  magnet,  (lod«  iton«0  weighing  tbne 
grainB,  and   capable  of  BuaUloing   o-rtr  SM 
t  timefl  iU  own  weight,  (V60  graina.)     A  loda 
I  atone  of  thrM  or  four  ponnda  weigbt,  mounted 
■  >  u  in  fig.  6S4,  can  nrely  anatain  ovar  two  or 
tbree  timei  ita  own  waight, 
Th«  most  powerful  artificial  magDet  on  re- 
'  cord,   waa  that  made  by  Dr.  O.   Knight,  of 
.    LondoD,  and  now  in  poaaeeNon  of  the  Royal 
'  Society.     It  conaiited  of  two   prlamatlo  bos- 
dtcB,  each  of  210  powerfol  bar  magnate  fire 
feet  Id  length,  monoted  on  wheela ;  betwees 
the  end  plates  of  Uiis  combination,  the  poloe  itf 
the  moat  energetie  ungle  magnet  wer«  revoeed 
or  powerAilly  reioforeed. 

903.  Uagnetiam  of  atwl  by  tho  maft  nya^-Altfaougb  tha 
fcct  :s  doubted  by  Bome  experimenters,  the  weight  of  teaUmooy 
appears  to  support  the  conclusion,  that  the  sun's  violet  laye  poa- 
sess  tho  power  of  inducing  permanent  magnctiam,  when  coDotn- 
tntcd  by  a  Ions,  on  steel  needles. 

904.  To  d^rivo  a  magnet  of  Ua  power,  it  ia  only  mct^uj 
to  Krerse  the  order  adopted  to  impart  magnetiam  to  it.  stroking 

902.  What  are  oomponnd  magneta  f  Give  illuMratlons.  What  la 
wid  of  Dr.  Eaight't  nugnetal    808.  What  of  wlar  magnetinn  1 
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it  firom  the  ends  to  the  centre  with  poles  of  the  same  name  op- 
posed. In  this  way  the  magnetic  virtue  may  be  wholly  or  very 
nearly  destroyed. 

The  approach  of  a  feeble  magnet  to  a  strong  one  may  reyerse  ita 
polarity.  Leaving  it  without  its  keeper  greatly  impairs  its  power. 
Suddenly  jerking  if  off  the  keeper,  or  striking  it  with  a  hammer,  in 
a  way  to  make  it  vibrate,  does  the  same.  Heat  accomplishes  the 
total  destruction  of  magnetism,  and  in  short,  anything  which  weakens 
its  coercive  power.  Conversely,  hanging  an  armed  magnet  in  the  pod- 
tion  it  would  assume  if  free  to  obey  the  solicitation  of  the  forces  of 
terrestrial  magnetism,  is  the  best  position  to  favor  its  greatest  devel- 
opment Every  magnet  which  has  been  charged  whil«  its  poles  are 
connected  by  a  keeper,  possesses  more  power  before  the  keeper  is  re- 
moved than  after.  It  is  indeed  over-charged,  and  the  excess  may  be 
likened  to  that  residual  force  which  retains  the  keeper  of  an  electro- 
magnet in  its  place  after  the  circuit  which  excited  it  it  broken, 
or  to  the  reddual  charge  of  a  Leyden  jar.  Every  time  the  keeper 
of  a  magnet  Lb  moved  suddenly,  a  loss  of- power  is  sustained,  and 
hence  the  keeper  should  be  removed  by  aliding  it  gradually  off 
endwaysy  and  only  when  it  is  required  for  the  performance  of  an  ex- 
periment. 

STATICAL  OR  PRIOTIONAL  ELECTRICITY. 

or  ELECTRICAL  PHENOMENA  AND  THEIR  GENERAL  LAWS. 

905.  Definitions. — ^Electricity  is  the  etherial  or  imponderable 
power  which  in  one  or  another  of  its  forms  affects  all  our  senses. 
In  this  respect  it  is  unlike  all  other  etherial  influences.  It  tnj^ 
pears,  as  far  as  our  knowledge  goes,  to  extend  throughout  naturo, 
and  is  probably  connected  inseparably  with  matter  in  every  form. 
Bodies  in  their  natural  state  give  no  evidence  of  its  presence, 
but  by  different  means  it  may  be  evoked  from  alL  Hence  itatieal 
electricity  implies  that  condition  of  this  subtle  ether  existing  in 
all  bodies  in  a  state  of  electrical  quieicence.  Statical  electricity 
is  the  opposite  of  that  state  of  excitement  following  friction, 
chemical  action,  ftc.,  which  is  called  dynamic  electricity^  or  elec- 
tricity in  motion. 

Electricity  is  a  term  derived  from  the  Greek  for  amber,  which  the 

904.  How  is  a  magnet  deprived  of  power  1  What  precautions 
are  given?  906.  What  Is  electricity  1  In  what  does  it  reside f 
How  is  it  evoked  f    Define  the  terms  statical  and  dynamic 
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906.  Ite  ebiif  minM  o£ 
frioi^  of  diy  nilMtiiioeB,  as  of  sk*!  1>T  catf  far  or  rilk, 
^mdfhat  ornrinlij  flamid:  tidB ii ordiiMiT' or  steticd 
Wdtf;  tlirt  of  tha  atmiwplwre  and  of  ooBOBon  cieeMal 
Sd,  dMmicil  aetioii,  ortha  eoBteet  of  dtaiinilv 
qndBT  drcmngfamcM  flmMeabic  to  ciiiroif  1  chiigft.    ii^ 
piodncuig  maffMAo  elMsUkitj.   dftti,  Amm;  or 


ne  daelikifty  firoBL  an  tlMM  WToal  "«^^**^                      ^ 
ladigraaaBdiBUBaty^aMatdingtoittaoiirMb  VoiBoilBkla^ 


.  Wt:  Blaotripal  igiclfc    A  diyand  warn  i^an  Md|  nUii 

witti  a  oati^  fiir  or  aOk  handkardikC  k  anted  in 
as  to  alliMt  to  itaelf  btta  of  papar,  abfoda  of  silk 
lallie  lMi;Ilhl^teihen,aIldami0tyoflight8llb8CaDoaB,  hold- 
ing them  for  an  instant,  and  then  repelling  them  agmin,  to  the 
table  or  support,  as  in  fig.  585. 

In  the  dark,  a  feeble  bluish  light  is  seen  in  the  path  of  the 
585  rubber.     If  the  excited  glass  is  presented  to  the 

knuckle,  or  to  a  metallic  bodj,  a  bright  pozple 
TTJ^  ••spark  will  dart  off  from  the  glass,  with  crackling 
y».  I  resound,  to  the  object  presented.  Brought  near 
to  the  £ice,  a  creeping  sensation  is  felt,  as  if  a 
delicate  cob- web  was  in  contact  with  the  skin.  These  effects  are 
produced  bj  the  rubber,  as  well  as  by  the  body  rubbed,  and  may 
be  evolved  from  a  number  of  substances  as  well  as  from  glass. 
A  peculiar  odor  always  accompanies  electrical  excitement*  thus 
completing  the  list  of  the  effects  of  this  subtile  agent  on  oar 
senses,  if  we  add  the  taste  from  Yoltuc  electricity. 

Bodies  thus  excited  are  aiud  to  be  dtetr^d  ;  a  eondition  which 
is  only  tranaient 

These  very  simple  experiments,  which  can  be  repeated  anywhere 
and  with  the  simplest  means^  contain  the  germ  of  electrical  scieaeSL 

908.  Attraction  and  repnlaion.— In  the  electrical  pendolom, 
fig.  536,  the  pith  ball  is  first  attracted  to  the  exdted  glass  or 

906.  What  are  the  chief  sources  of  electrical  excitement  f    907 
Enamerate  the  effects  of  electrical  excitement  in  tlie  order  given. 


P08ITITB  AND  NBGATIYS  KLSCTBICITr. 


569 


resin,  and  at  the  next  instant  is  repelled,  until,  by  touching  some 
body  in  connection  with  the  586 

earth,  or  in  some  other  way,  it 
has  parted  with  its  excitement 
The  two  balls  in  fig.  587,  when 
thus  excited,  mutually  repel 
each  other,  because  they  are 
similarly  excited  The  Ug^t 
bodies  in  fig.  535,  oscillate  be- 
tween the  table  and  the  rod, 
first  by  attraction,  and  then  by 
repulsion;  when,  losing  their 
excitement  by  contact  with 
the  table,  they  are  again  at- 
tracted, and  so  on.  So  with 
the  balls  in  fig.  587.  We 
recognize  in  these  simple  experiments  the  similarity  between 
these  actions  and  the  law  of  magnetic  attractions  and  repulsions. 
Bodies  Hmilarly  excited  repel  each  other;  those  587 
which  are  unUke  attract. 

The  phenomena  of  attraction  and  repulfiion  are  not 
howeyer  so  simple  as  might  at  first  appear,  since  for 
their  correct  explanation  a  knowledge  of  the  phenom^ 
ena  of  induction  is  required,  and  thepe  rem^n  to  be 
explained  farther  on. 

909.  Vitreous  and  resinons,  or  poaitiTe  and  nagatiTe  electrici- 
ties.— ^Thc  species  of  electrical  excitement  depends  upon  the  kind 
of  material  which  is  subjected  to  firiction.  If  the  pith  balls,  fig. 
587,  are  repelled  by  the  excitement  from  glass  rubbed  by  silk, 
they  will  be  attracted  by  a  stick  of  wax,  gum  lac,  or  sulphur 
rubbed  by  flannel ;  or  tiu  versa. 

This  difference  of  action  is  due  to  an  inherent  difference  in  the  two 
substances,  and  the  kind  of  electrical  excitement  which  the  two  res- 
pectively produce,  is  entirely  opposite  and  antagonistic  each  to  the 
other.  Tlie  one  is  titreous  or  positire,  the  other  resinons  or  nega- 
tive. This  fundamental  distinction  in  the  kind  of  excitement  pro- 
duced by  friction  in  various  substances,  was  first  recognized  by  the 

908.  What  is  the  action  of  the  electric  pendulum  7  IIow  do  the 
balls  act  iu  fig.  687  f  What  is  the  law  of  electrical  excitement  1 
What  renders  these  facta  less  plain  than  they  ndght  at  first  seemt 
909.  What  is  meant  by  vitreous  and  resinous  t  To  what  are  those 
terms  equivalent  1     What  causes  this  difference  t 
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French  plillowipbu-.  Du  Fsy,  ia  ITSS,  and  «■«•   i 
Frmlilinm  n«.     GImb  sad  reriu  am  bat  types  of  two  1< 
ot  aabalftocM,  wbleh  poese™  moro  or  1«««  perfectly  this  (•h»m 
ditrer«noe  in  r«apect  to  tbc  eort  of  electricity  wliieb  they  * 
ot  de  vet  oping. 

Elttlrotcopei  eerre  to  disdnguli))  tiia  two  eorta  of  eteetriei]  O- 
latemnnt  from  encbotlicr.  Tlie  pitli  balls,  tig.  237,  form  AgOKVOabrt 
•lectroBcope — tno  ellk  ribbons,  or  tbe  eleetrical  peDdaluBi,  t^  ttt, 
knevel  Ibc  flume  pnrpou.  Much  more  delicate  insLruiacMa  of  lli* 
kind  will  be  deacrlbed  Bhortly. 

It  ia  only  requisite  to  excite  the  balls  Gg.  637.  with  kooWB  fit- 
reotiB  or  rcslnouB  electricity,  when  the  Kpproach  of  aoj  lutntad 
body  whoBD  electrical  state  ia  unknown,  will,  if  of  tbe  sunc  WaA, 
'muso  a  fkrther  repulsion,  and  if  of  a  different  sort,  will  ocCMca 
tn  attraction  of  tbe  balls. 

010.  Oondiioton  of  electiioity. — Bodies  elcctHcallj  vxdt^ 
part  with  their  excitement  varioualy,  some  instantly,  others  tbt; 
slowly,  depending  both  on  the  nature  of  the  subetu)c«  cxcitod, 
and  of  those  with  which  it  is  brought  in  contact.  Thcjiiih  lialls 
of  the  electroscope  lou  tbetr  ezcitemoit  very  Blowly,  the  elee- 
tricity  being  remoTed  only  by  the  surrounding  air.  Toached  by 
the  finger  or  a  metallic  body  in  connexion  with  th«  eulh,  Vbej 
■re  instantly  discharged,  and  retom  to  their  itatural  gnfixrftoj 
condition.  The  electricity  is  removed  by  Mndvetien  orar  tha 
touching  body.  And  as  bodies  nry  rery  mnch  in  their  powv 
to  conduct  electricity,  they  are  called  good  and  had  oonJuotan, 
or  eondvetor*  and  non-eondvetcr*. 

Cfoirfcmitacfar*  propagate  tbe  eztdtemant  to  all  part*  of  tb^aar- 
flMt,  aod  when  in  oonoeiien  with  the  earth,  part  with  it  aa  qaiaUj 
•a  they  receive  it. 

The  following  are  among  tbe  good  conducting  bodla^  plaead  ta 
the  order  of  their  condncting  power.  The  metali  u  a  elaaa,  (lOrar 
and  eopper  elAnding  fint,  and  lead  and  qnicfciilver  laat,}  irell  b«nt 
charcoal,  plumbago,  ooke,  hard  anthracite,  aoida,  aalina  aiiliiliiiia^ 
nnmeroni  fluida,  metallic  ores,  tea,  aprlng  and  rain  wat«r,  iee-obova 
1>°  F.,  mow,  Uring  thingi,  flame,  imoks,  Taonum,  Tapor  of  aleohri 
and  ether,  earths,  and  moirt  roeka,  powdered  gla«^  and  flowan  «f 

Who  dUeoreredtheM  (acts  t  What  are  electroaeope*  I  wa  Hov 
do  bodia*  part  with  electricity  t  How  is  it  with  the  holla  of  tb« 
•laetroaeope  t  What  it  eondaetloa  t  How  are  bodiet  cloinfied  vitk 
referenee  therato  t 
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Sad  eonduetan  reoeiye  and  part  with  dectrieity  very  slowly.  If 
touched  by  an  electrified  body,  they  receive  excitement  only  at  the 
point  touched,  or  if  when  excited  over  their  whole  surface  tiiey  are 
toached  by  a  ^^ood  conductor,  the  excitement  is  removed  only  firom 
the  part  touched.  They  retain  free  electricity  for  a  long  time  and 
obstruct  its  motion. 

Good  conductors  are  capable  of  manifesting  electrical  excitement 
only  when  their  communication  with  the  earth  is  cut  ofif  by  some  bad 
conductor.  So  dtuated,  they  are  said  to  be  insulated,  and  the  poor 
conductors  used  for  this  pur-  688 

pose,  (glass,  redn,  or  dry  wood,) 
are  called  iniulaiort.  Fig.  688, 
shows  a  brass  tube  thus  insu- 
lated by  a  handle  of  glasa  Among  the  chief  insulating  bodies  are  the 
following,  placed  in  the  reverse  order  of  their  insulating  power,  via : 
dry  metallic  oxyds^  oils,  ashes,  ice  below  18**  F.,  many  crystalline 
bodies,  lime  and  chalk,  lycopodium,  native  caoutchouc,  comphor, 
porcelain,  dry  vegetables,  baked  wood,  dry  air  and  gases,  steam 
above  21 2**,  leather,  parchment,  paper,  hair,  dyed  silk,  white  mlk, 
diamond  and  precious  stones,  mica,  glass.  Jet,  wax,  sulphur,  the  re- 
sins, amber,  gum  laa  Gutta  percha,  and  whalebone  rubber,  are 
among  the  beet  insulators  known ;  probably  better  than  g^m  lac 

Some  bodies  which,  when  solid,  are  non-conductors,  become  so 
when  made  liquid  by  funon,  via :  metallic  chlorids,  glass,  wax,  sul- 
phur, resin,  Ac.  Heat  diminishes  the  electric  conducting  power  of 
metala  Length  of  conductor  retards  electrical  motion,  while  an  in- 
crease in  other  dimensions  favors  the  rapid  transmission  of  electri- 
city. Every  body  has  a  certain  §leetrieal  retarding  power,  (917,)  which 
is  inverse  to  ita  conducting  power.  Tables  of  electrical  conducting 
powers  will  be  found  in  larger  works ;  but  in  general  this  power  is 
very  nearly  the  same  as  any  given  body  has  for  conducting  heat 

911.  The  earth  ia  the  great  oommon  reaervolr  or  receptacle 
into  which  all  electrical  excitements  are  returned,  and  regarded  ^^ 
as  a  whole,  is  a  good  conductor.  The  air,  oven  in  its  ordinary  WM 
condition,  is  a  very  poor  conductor,  and  in  view  of  its  immense 
extent,  is  by  far  the  most  important  of  non-conductors.  It  sorves 
to  insulate  the  earth  in  a  non-conducting  envelope,  more  or  less  per- 
fect, in  proportion  to  its  density,  and  the  absence  of  aqueous  va- 

Characterize  and  enumerate  some  of  the  ffood  conductorsi  Char- 
acterize the  bad  conductora  How  may  good  conductors  be  excited  7 
What  are  insulators  7  Name  some  of  the  principal  insulators  or  bad 
eonductorsL  Which  are  the  most  rema»able7  How  does  heat 
affect  some  bodies  f    How  Vision  7 
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por.    Bzeept  ftr  Uik  property  of  tiie  tfa;  an  claeMoal 
edftirould  hsve  rantined  invlrible  iind' unknown  to  na. 

In  %  vtconm,  all  electrified  bodies  speedily  lose'  tiieir  ciciii 
aunt,  while  in  dry,  dense  air,  they  retein  it  longest  NefwAe- 
ka^  slight  electrical  exdtement  can  be  produced  in  a  tecnnsi  ty 
friction. 

918.     TheoKlas  o£  eleolridlj,  or  el^ioffiusl  lijiiiillissei 
niloBopherB  generally  agree  in  attributing  tihe  iihenonMBS  of 
tieetridty  to  the  existenoe  of  an  assomed  dieMcaiJMtL    nb 
supposed  fluid  is  so  subtle  and  etherial  as  to  escape  detectian  hf 
an  the  mesns  used  to  recognise  matter,  being  in^Kmdeimble^  and 
manifesting  itself  only  by  its  offsets.-   It  is  assnmed  to  pstfade 
an  naturoi  and  to  exist  in  a  state  of  comlnnatioa  or  eieelried 
qpHeseenoe  in  all  bodies  in  their  natural  state.    Tide  ijiliBiwine 
Is  disturbed  by  friction,  and  YarioosidiyBiGal  and  chsndoal  reusM. 
An  eleotrioal  phenomena  are  supposed  to  be  dne  to  tlie  eflbrls  of 
the  electrical  fluid  to  regain  its  prerioos  oondftionof  etafie  eqat 
Bbrium.    Two  principal  hypoflieses  hare  been  deilsod  to  explain 
the  phenomena  of  electricity,  namely:  1st,  that  of  F^rmnklin  and 
.^inus;  2d,  that  of  Symmer,  sometimes  attributed  to  Da  FWy. 

918.  Franklin's  single-fluid  hyjxithesls  is  recommended  by  its 
simplicity,  and  was  for  a  long  time  the  view  generally  adopted, 
both  in  England  and  America.     It  assumes  a  single  clecbical 
fluid,  whose  particles  are  self-repellant,  but  attracted  by  matter 
of  all  kinds,  combining  therewith,  and  when  so  combined,  losing 
this  self-repellant  tendency.     This  fluid  is  present  in  all  bodice^ 
but  in  varying  proportion,  each  substance  possessing  a  certain 
capacity  of  saturation  peculiar  to  itself     In  its  natural  states 
eyery  substance  has  exactly  its  own  quantity  of  the  electric  fluid, 
and  is  consequently  in  a  state  of  electrical  indifference.     If  sny 
cause  of  electrical  excitement  exists,  this  state  of  quiescence  is 
disturbed,  and  the  body  becomes  negatively  electrical,  if  its  nat- 
ural charge  is  diminished,  and  positively^  if  it  is  in  excess.     By 
this  hypothesis,  bodies  become  electrical  either  by  addition  to^ 
subtraction  from,  or  disturbance  in  the  equal  distribution  of^  the 
normal  quantity  of  the  electric  fluid  proper  to  theuL     In  those 
bodies  which  manifest  positive  electricity,  the  equilibrium  is  re- 

911.  AVhat  is  said  of  the  earth  7  How  does  the  air  act  in  electri- 
cal phenomena  f  912.  To  what  are  electrical  phenomena  commonly 
attributed  1  What  are  tlic  properties  of  the  sapposed  ^uid  T  What 
two  hypotheses  are  named  f  913.  Explain  Fran  klin*s  single  fluid  hy- 
potheus. 
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stored  by  parting  with  the  exoees,  and  in  those  whose  excitement 
is  negative,  bj  receiving  from  surrounding  bodies  enough  to  sat- 
isfy their  deficiency. 

This  hypothesis  will  be  recog^ed  a8  strildxigly  like  that  com* 
monly  received  in  explanation  of  the  eqidlibrimn  of  heat 

j£pinn8  foond,  that  in  order  to  aeooant  mathematically  for  the 
mntoal  repoleion  of  two  negatively  electrified  bodies  on  the  single 
fiuid  hypothesis,  it  was  necessary  to  assume  that  the  particles  of 
matter  were  mutually  repulsive  instead  of  attractive,  aocordiog  to 
the  Newtonian  law  of  universal  attraction.  This  nduetU  ad  oft- 
ntrdem,  has  led  to  the  almost  universal  rejection  of  the  Franklinian 
hopothesia. 

914.  The  hypothMris  of  Symmer,  or  Du  Fay,  assumes  the  ex- 
istence of  two  fluids,  extremely  tenuous,  imponderable,  in  the 
highest  degree  expansive,  mutually  repellant,  (as  a  consequence  of 
this  expansive  nature,)  and  yet  possessing  a  strong  mutual  attrac- 
tion when  not  opposed  by  any  obstacle.  They  thm-efore  combine^ 
when  favorably  situated  so  to  do ;  and  when  equally  combi- 
ned, their  expansive  and  repellant  forces  are  neutralized,  and 
electrical  quiescence  results.  Each  of  these  kinds  of  electricity 
may  exist  separately ;  they  are  then  in  a  state  of  antagonism 
and  manifest  polarity,  and  other  electrical  effects.  Every  sub- 
stance becomes  thus  excited  whenever  any  part  of  its  natural 
electricity  is  decomposed  by  friction  or  otherwise.  If  a  plate,  it 
may  possess  the  two  electricities  on  its  opposite  sides,  one  being 
vitreous  and  the  other  resinous ;  if  a  rod,  the  decomposition  of 
a  part  of  its  natural  elasticity  will  make  the  rod  vitreous  at  one 
end  and  resinous  at  the  other.  When  the  cause  of  excitement 
ceases,  the  two  fluids  reimite,  and  quiescence  is  restored.  By 
this  hypothesis  all  electrical  phenomena  arise  from  the  tendency 
of  the  two  fluids  when  separated,  to  reunite  and  neutralize  each 
other. 

Either  view  is  capable  of  explaioing  most  electrical  phenomena, 
but  the  weight  of  scientific  opinion  is  now  in  favor  of  the  last  Nei- 
ther view  can  be  actually  true,  since  the  term  Jluid  is  only  a  conven- 
ient expression  for  an  unknown  cause,  and  there  is  no  reason  why  we 
should  assume  the  existence  of  a  separate  fluid  or  ether,  each  as  a  medi- 
um for  light,  heat,  or  magnetic  electricity,  whan  it  is  more  in  accord* 

What  do  positive  and  negative  mean  in  his  view  t  What  analogy 
has  this  hypothesis  t  What  is  the  objection  discovered  by  .^^- 
nus  T  914.  Explain  the  hypothesis  of  Symmer.  What  is  said  of 
the  two  views  i 
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vlfth  a  aouid  philowphy  to  Mranit  tiMi  tlMM 
taidcmiaMbsiibiieticmftof  tIi%«tlMrialnMdiiim  wbidifilkttit 
T«M,  and  from  irlioie  oomUtioM  to  tho  patiolM  of  matftv^  li 
plijfllQal  phoiioniiDA  proeeed. 

gi6.  WlwiUhwl  Umakm  is  a  t«m  onployvd  to  lapg—  ttii 
oonditkn  of  bodi«i  in  which  the  o&eolrieltgr  is  hmb    a  nnniBliw 
the  xemw  of  oleotrioil  quiMOMica.    This  **»"*^tiwi  is  wdl  fr 
lustntod  in  the  phcnnmgns  of  the  Lajdeo  Jar,  whmm  ih«e 
ii  poiftct  equillbriiun  between  the  eidtenMnt  of  ^bm  ooter  ani 
tBMraarftoes,  due  to  their  antegonisHk    ThmmmrgywiAmMk 
the  deoompoBed  electricities  reunite^  when  *^'^"»"M«»*ostlon  ii 
msde  between  than,  ehowB  the  state  of  tenskwi  in  wiildi  tt^ 
ssiBled.    Iliis  may  be  regarded  as  analogoos  to  the  tonrion  of  a 
bentqpring,  in  which  equilihrinm  iar^^ed  hj  n  reaction  eqpal 
to  the  ooa^preasing  foroeu    Sleetricai  tensioii  is  m  <^i?f4itiim  af 
eonatxained  eqoilibrinm,  and  when  the  free  electricitiss  to  wliidh 
It  Is  due,  reunite^  an  0leeM€ai  cwrrmU  ia  prodnoed  from  tbe  r^ 
action  of  the  qiposing  fluids,  analogoas  to  medbanieal  motion 
from  tho  recoil  of  a  spring.    From  this  state  of  electrical  tensioo 
are  derived  the  primary  efifects  of  electricity,  and  frt>m  electrical 
currents  arise  its  iecoTidary  efifeCts.    iCll  electrified  bodies  mani- 
fest electrical  tension ;  they  attract  other  bodies,  decomposing  their 
natural  electricity,  dcriying  from  them  a  portion  of  the  opposite 
fluid.     If  this  is  insufficient  to  satisfy  the  antagonism  of  the  ex- 
cited electric,  the'attracted  bodies  are  next  repelled.  (908.)    Hence 
two  bodies  equally  excited,  but  of  opposite  names,  attract  eadi 
other,  and  reunion  of  the  two  fluids  with  electrical  indifference 
results.     If  one  contained  an  excess  of  either  fluid,  both  remain 
excited  after  contact,  with  that  description  of  electricity  which 
was  in  excess ;  the  excess  being  divided  in  the  ratio  of  their  anr- 
fikces. 

916.  X&eotrical  currants  are  either  momentary  or  permanesfL 
The  first  occur  when  contact  is  formed  between  substances  op- 
positely excited  by  finction  or  otherwise,  and  their  effects  are  in- 
stantaneous and  transient 

Permanent  electric  currents  arise  only  from  the  sustained  action 
of  some  continuous  cause ;  as  from  the  continued  motion  of  the 
electrical  machine,  or  more  simply,  from  the  chemical  action  of 


916.  What  is  electrical  tenaion  7  What  annlogict  are  Buraerted  ia 
explanation  of  tins  7  How  do  electric  currents  ariM  7  What  ara 
primary  and  what  secondary  electrical  effeota?  91  &  What  sort  of 
electric  eurrenta  are  named  7    How  are  the  two  produced  7 


TOBSIOir  ILICTBOICBTBII.  575 

unlike  substanoefl,  as  in  the  voltaic  battery,  in  which  the  electri- 
cal current  is  kept  up  as  long  as  anj  chemical  action  exists. 

917.  Path  and  ▼eloolty  of  electrio  currenta. — If  several  con- 
ducting paths  are  open  to  an  electric  current,  it  will  alwajrs 
choose  the  shortest,  and  that  in  which  it  meets  the  least  resist- 
ance. K  the  current  is  powerful,  and  the  conductor  inadequately 
small,  its  passage  will  be  marked  by  light,  and  perhaps  by  the 
combustion  and  deflagration  of  the  conductor.  The  velocity  of 
static  electricity,  by  Wheatstone's  experiments,  over  a  copper 
wire,  was  found  to  be  286,000  miles  in  a  second — ^nearly  half 
again  more  than  the  velocity  of  light  (888.) 

It  appears  from  Dr.  Gould's  disciusion,  (Sill :  Jour.  [2]  zL  161,)  of 
the  very  numerous  telegraphic  obeerraUons  in  the  U.  S.,  made  un- 
der the  direction  of  Prof  Bache,  for  the  Coast  Survey,  and  by  other 
astronomers,  that  the  velocity  of  a  voltaic  current,  when  the  earth 
forms  part  of  the  circuit,  does  not  exceed  16,000  miles  per  second, 
and  it  has  been  measured  as  low  as  11,000  miles  per  second;  show- 
ing a  great  retarding  force  in  a  conductor  of  1 600  miles  circuit 


LAWS  or    ELECTRICAL    FORCES  AND    DISTRIBUTION  OF  ELECTRICITT 

UPON  THE  SURTACS  OF  BODIES. 

918.  CkmlomVs  lawi. — Coulomb  a  distinguished  French  phy- 
sicist, (died  1806,)  by  the  use  of  the  torsion  balance,  first  demon- 
strated the  following  laws  of  electrical  attractions  and  repulsions. 

Ist  Two  excited  hodiee  attract  and  repel  each  other  with  a 
force  proportional  to  the  inveree  equare  of  their  distances  f^om 
each  other, 

3d.  The  distances  remaining  the  same^  the  attractions  and 
repulsions  are  directly  as  the  quantities  of  electricity  possessed 
by  the  two  todies. 

The  force  of  torsion,  or  resistance  of  wires  to  twisting,  varies 
directly  with  the  angle  of  torsion,  inversely  as  the  length  of  the 
wire,  and  directly  as  the.square  of  its  section.  Coulomb  happily 
applied  these  principles,  first  established  by  himself  to  the  meas- 
urement of  electric  forces  in  his — 

919.  TondoneleotRmMter.— This  instrument,  fig.  589,  consists 
of  an  exterior  glass  cage,  protecting  a  slender  needle,  n  <?,  of 
gum  lac,  suspended  by  a  fine  wire  of  silver  or  platinum,  centrally 
,1 

917.  What  iH  said  of  the  path  of  an  electric  current?  What  of  Hi 
velocity?  What  are  the  American  observations?  918.  What  il» 
Coulomb's  laws  7    What  is  the  law  of  torsion  T 
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aM  toaTMMd  hf  tfaa  -mfla  Tit 
aen  of  IIm  gtadnatfan.  mad  af  tti 
rabottiMdatoev 
I  napona  (bj  rerolTing  the  tab«^  i,) 
with  the  nonul  po«ltl<>D  of  tli«  dm- 
dle  when  at  r«st,  and  iin«zeit«<i  th* 
^  in  the  cage  is  kept  dr;  by  a  littla  dry  lime,  placed  in  a  diah  tor 
that  purpoBe,  on  the  bottom,  to  avoid  the  Io«  of  electricity. 

920.  DemouttaUoa  of  tha  fint  law. — The  appantos  b^g 
-thus  arranged,  tb«  insulated  rod,  i,  is  withdnwn,  and  the  >«■"_  h^ 
placed  in  contact  with  some  exdted  sur&ce — as  tha  el«cfarml 
machine.  Thiu  excited,  nt  is  immediately  returned  to  ite  placa 
by  the  imulating  handle,  taking  ore  that  it  toucbea  Dothin^ 
Forthwith  the  disc,  n,  is  attracted  to  m,  is  oppositely  electrified, 
■ltd  then  repelled  with  a  force  proportioned  to  the  intensitr  of 
m.  After  a  few  oscillations,  n  comes  to  rest  say  at  SO  ilri^iiim 
on  the  graduated  circle.  This  angle  then  represents  the  npA 
lant  force  of  tho  electricity  on  m,  since  the  torsion  of  a  wire  k 
directly  as  the  twisting  force.  But  what  would  bo  the  force  n- 
quisite  to  hold  the  disc,  n,  in  equilibrium  at  half  this  angnkr 
distance,  or  10*  T  Revolving  the  movable  circle,  «,  in  tba  di- 
rection of  the  arrow,  we  find  it  is  necessary  to  cany  it  front  0,  to 
106°,  in  order  that  the  needle  may  point  to  16°.    The  wire  is 


fllS.  DeMribe  the  torsion  electrometer,  fig.  fiSS.  SSO.  Explain  Ita 
DM  in  demoaatrating  the  first  law.  How  is  Ibis  applied  to  attrao- 
tions  X  Demonstatc  the  seootid  law.  What  exoeption  haa  Barrk 
taken  to  CMkndt'a  laws  t 
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then  twisted  at  top  with  a  force  of  105%  and  at  bottom  with  a 
force  of  15°,  giving  120''  as  the  angle  representing  the  force  with 
which  the  two  electrified  bodies  repel  each  other,  at  the  distance 
of  15** — or  at  half  the  distance  we  have  quadruple  the  force ;  at 
one-third  the  distance,  or  7i°,  the  force  would  be  472** '5  +  7*5 
=  480*",  Soc  according  to  the  law  of  inverse  squares. 

In  like  manner,  reversing  the  electricities,  we  prove  that 
the  force  with  which  two  electrified  bodies  attract  each  other,  is 
inversely  proportional  to  the  square  of  the  distance  by  which 
they  arc  separated. 

921.  Demonstration  of  the  laoond  law. — Having  repelled  the 
needle,  n  o,  by  the  excited  ball,  my  withdraw  the  latter,  and  touch  it 
to  a  second  metallic  ball  of  the  same  size,  insulated  on  a  glass 
handle.  The  ball,  fi»,  parts  with  half  its  electricity  to  the  second 
ball.  (926.)  Now  return  it  to  the  balance ;  it  will  be  found  that 
the  needle,  n  <?,  is  repelled  only  half  as  far  as  before.  Touch  m 
again  to  the  second  ball,  as  before,  and  it  will  then  r^>el  the 
needle  only  one-fourth  as  far  as  at  first,  and  so  on. 

Sib  Wm.  S.  XIa&ris,  of  England,  by  the  lue  of  a  bifilar  electrometer, 
which  Babstitates  the  force  of  gravity  for  that  of  torsioD,  has  shown 
that  the  two  laws  of  Coulomb  are  not  strictly  accurate,  unless  the 
two  excited  bodies  have  the  same  size  and  form,  or  unless  the  sections 
of  the  opposing  parts  are  equal  The  result  of  his  determiuatioDs 
is,  that  the  attraction  is  directly  proportional  to  the  number  of  points 
immediately  opposed  to  each  other,  and  inversely  to  the  square  of 
their  respective  distancea^ 

922.  Proof-plane. — For  the  purpose  of  determining  the  rela- 
tive quantities  of  electricity  that  are  found  on  the  different  parts 
of  the  surface  of  an  electrified  conductor,  a  contrivance  called  a 
proo/'planey  is  used.     It  is  nothing  but  a  small  disc  of  tinsel,  or 

^^^^'''mctal,  insulated,  as  in  the  ball,  m^  of  the  torsion  balance,  fig. 
539.  This  is  touched  to  the  surface  whose  electricity  is  to  be 
examined,  and  receives  therefh)m  a  quantity  of  electricity  equal 
to  the  sum  of  both  of  its  own  surfaces.  It  may  then  be  inserted 
in  the  balance  of  torsion,  or  used  on  any  other  electroscope.  The 
electricity  on  the  body  touched  is  diminished  to  the  same  extent, 
but  when  the  proof-plane  is  small,  compared  with  the  area  of  the 
excited  conductor,  no  sensible  error  can  arise  firom  this  loss.  The 
most  important  source  of  error  to  be  guarded  against  in  the  use 

022.  What  is  the  proof-plane,  and  how  used  7    What  source  ol 
error  ? 
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lereB  are  foDy  ezdtod.    To  remore  the  enTelopin^  Hemuplieni  k 
to  remove  the  sorfikce  of  the  sphere,  and  with  them  its  elcctriehv. 
h.  fig.  Ml  shows  an  insulated  hollow  sphere,  with  a  hole  in  the 

top.    When   this    is    electrified,  the 
proof-plane  maybe  introdaced  by  the 
opening,  and  placed  in  contact  with 
its  inner  surface,  withont   acquiria^ 
any  excitement,  (prorided     car«    be 
token  to  avoid  the  inducing  effect  o( 
the  edges  of  the  opening,  which  may 
otherwi^  decompose  the  neutral  clee^ 
tricity  of  the  gum-lae  handle,)  while 
from  contact  with  any  point  of  the 
outside,  the  proof^lane  acqolrea  abon- 
dant  excitement 

c  Faraday  has  described  a  mi»fia 
bag  in  the  fonn  of  a  net»  fig.  MS,  na- 
tained  on  an  insulated  ring  of  wii«^ 
and  provided  at  the  point  of  the  cone 
with  two  insulated  silk  stringi^  c  c^. 
so  that  it  may  be  turned  indde  out  at 
pleasure,  without  touching  it.  When 
this  is  electrized  exteriorally,  it  may  be  turned  inside  out  by  m 


923.  Where  does  the  electricity  of  excited  bodies  reside  ?    Explain 
^g.  54a    What  ia  shown  by  fig.  M 1 7    What  eaution  is  suggerted  t 
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of  the  strings,  without  a  trace  of  electricity  being  found  on  the  in- 
side, (which  an  instant  before  was  the  outside,)  and  this  may  be  re- 
peated several  times  before  the  electricity  is  dissipated.  He  is  in  the 
habit  of  covering  his  most  delicate  electroscopes  with  muslin  bags, 
to  protect  them  from  the  influence  of  excited  electrical  machiuee, 
with  entire  success. 

542  643 


V    £ 


)ni'' 


'■>»•»-.    «*•■  •  ■-*  ■«  jl^XlitiV 


Big.  548  shows  a  ribbon  of  metallic  paper  wound  around  Aietallio 
axis,  insulated  by  the  silk  threads  rr;  two  pith  balls,  e  e',  are  suspend- 
ed by  linen  threads,  at  one  end  of  the  ribbon.  When  the  ribbon  is 
wound  up,  and  the  whole  is  electrized,  the  balls  of  the  electroscopes 
diverge  powerfully.  If  the  ribbon  is  now  unwound  by  drawing  the 
insulate  string  below,  the  electroscope  balls  g^dually  fall,  and  finally 
oome  almost  in  contact :  but  when  the  ribbon  is  again  wound  up, 
the  balls  diverge  as  before.  This  may  be  repeated  several  timea 
This  beautifully  illustrates  the  rela-  550  p.  585. 

tion  of  surfiuie  and  intenuty.  As  the 
surfiuie  is  increased,  the  same  quan- 
tity of  electricity  is  spread  out  over 
a  larger  surface,  and  its  energy  de- 
clines, but  is  increased  again  as  the 
surface  is  diminished  by  re-winding 
the  ribbon. 

c.  It  appears  from  these  experiments  that  a  ball  of  wood  or  pith, 
covered  with  tin  foil  or  gold  leaf,  can  accumulate  on  its  surface  as 
much  electricity  as  if  it  was  of  solid  metal. 

It  is  thus  proved  that  all  the  electricity  with  which  a  con- 
ducting body  is  charged,  is  disposed  on  its  surface. 

924.  Biatribntion  of  •leotxlcity. — The  form  of  conductors  in- 
fluences the  distribution  of  electricity  on  their  surface.  In  a 
sphere,  the  distribution  is  uniform,  as  would  be  anticipated  fhnn 

What  is  Faraday's  ^qperiment,  fig.  542  ?    How  it  this  law  il 
trated  by  fig.  548  T    Wnat  inference  is  drawn  from  tb^ 
ments  1    p24.  How  does  fonn  affect  the  distribution  of  ik 


liktt  lis.  644|  te 


hat  die  cxcilcmait  ]MMSM  ol(  « 
npKCr  as  :t  McnmuIaMt^  to  the  unrest  bodies  oris  diljf^g^  jnto 

WL<  iziVieci  ilr  in  »a  eIec5r:oaI  bnish  or  pencil,   risible  in  the 

*iark-    .*4  .    r       This  £iot :': Hows  ^  i  vvnsequence  of  the  tendency 

of  «!l«s::r:c::y  co  aovussulate  as  ihe  smaller  end  of  an  eUipeoid. 

Tbe  erirc<\i  =::.ay  W  so  «Io£if&t«!d  that  the  electricity  escapes it 

then  bevvii:«^  a  Munt  poinL     These  £bcts  are  of  tbe  greatest  im- 

portacvre  in  the  construction  of  electrical  machines^ 

^:^'>.     "Rie  Ion  of  electxicity  in  «zctted  bodias,  eren  when  in- 
suL&:«xl  in  the  l<s:  manner,  is  constant*  chiefly  from  two  causes* 
Tiz  :  1st.  the  nioisture  of  the  air.  and  2d,  the  imperlection  of 
the  insulation.     The  loss  frv^m  the  first  cause,  in  still  air  of  are- 
ra^^  drjness^  is  proportioned  to  the  state  of  electrical  tension. 
Bodies  feeblv  cxcite\L  and  perfectly  well  insulated  in  dry  air,  rc^ 
tain  their  sute  of  tension  for  weeks  or  months,  while  those  highly 
excited  and  not  carefully  preserved,  are  soon  depriyed  of  all  elec- 
trical ej^citement     The  rate  of  loss  by  imperfect  conduction  is 
of  course  dependent  on  the  non-conducting  material  used,  the 
perfection  of  workmanship,  and  care  of  the  apparatus. 

The  loss  of  electricity  by  an  excited  conductor,  when  placed  in 
contact  with  an  unexdted  body,  insulated  firom  the  earth,  is  in 
proportion  to  the  relative  surfaces  of  the  two  bodies.     One  gains* 


How  in  the  ephere  and  ellipm>td  ?  How  in  eylioderil  925.  What 
it  the  power  of  points  in  excited  bodies  T  926l  How  do  excited  bo- 
diM  lose  their  dcetricityt 
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the  other  loees.  Two  equal  spheres  will  divide  the  whole  quan- 
tity between  them.  If  thej  remain  in  contact,  the  distribution 
is  unequal,  being  least  at  the  point  of  contact,  and  increasing  to 
a  maximum  at  20"*  to  80°  firom  the  point  of  contact  The  proof- 
plane  determines  exactly  all  such  questions. 

In  a  vacaum,  a  high  state  of  electrical  tension  is  impossible,  since 
the  restraining  power  of  the  air  is  wanting.  But  a  feeble  tension  can 
be  preserved  in  an  exhausted  receiver  for  a  long  time.  The  move- 
ment of  the  merenry  against  the  walls  of  the  tube  of  a  barometer, 
excites  electrical  tenuon,  and  even  luminous  electricity,  as  was  shown 
by  Cavendish. 

INDUCTION  OF  ELECTRICITT. 

927.  ZQectrlcal  influence  or  induction. — ^Every  electrified  body 
is  surrounded,  so  to  speak,  by  an  atmosphere  of  influence,  anal- 
ogous to  that  surrounding  a  magnet,  (878,)  within  which  every 
insulated  conductor  becomes  also  excited.  Bodies  so  affected  are 
said  to  be  eleetr\fied  by  indueHon^  having  their  neutral  electri- 
city decomposed  by  the  tension  of  the  excited  conductor,  exer- 
cised through  the  intervening  air. 

Let  the  conductor,  V,  fig.  545,  of  an  electrical  machine,  be  ap- 
proached within  say  six  inches  of  an  545 
insulated  metallic  conductor,  A  R 
The  small  electroscopes,  a  a',  sus- 
pended beneath  its  ends»  instantly 
diverge,  and  at  the  same  time  are 
respectively  attracted  to  V,  at  A, 
and  repelled  from  it  at  B.  If  F  is 
•j-  AU  —  and  the  remote  end,  B,  is  plus.  The  intermediate  electro- 
scopes, d  d\  also  diverge,  but  in  a  less  degree,  while  those  near  the 
middle,  e  e*,  do  not  diverge  at  all  If,  while  thus  excited,  A  B\m 
withdrawn  fh>m  V,  (care  being  taken  not  to  touch  the  conducting 
surface,)  the  electroscopes  will  presently  cease  to  indicate  any  excite- 
ment. The  explanation  of  these  &cts  is,  that  the  neutral  fluid  of  A 
B,  has  been  decomposed  by  the  influence  of  V,  the  -f-  fluid  being  re- 
pelled to  B,  and  the  —  attracted  to  A,  while  near  the  centre,  (never 
exactly  in  the  centre,)  a  neutral  point  is  found,  where  no  decompo- 
sition ezista  When  V,  the  disturbing  cause  is  withdrawn,  the  two 
electricities  of  A  B  unite  again,  and  leave  the  conductor  entirely 

How  is  it  when  an  excited  touches  an  unoxcited  insulated  bodyff 
How  is  it  in  a  vacuum  T  927.  What  is  electrical  induction  f  ex- 
plain it  from  fig.  545.  What  are  the  polaritiee  of  AandBT  H&w 
U  A  Bib  made  in  two  parts 7 


pMMvc,     If,  howBTOr,  lie  condQctor.  A  B.ib  made  in  two  p 
Joinvd  «t  the  nsDlral  point,  and  eacb  im  a  avparate  gl««»  [«_ 
Is  inductively  eidted,  the  two  p«rta  may  be  separated,  and  « 
will  then  be  found,  wlenroinoved  from  iiLauvnce.10  poss^n  «_   __ 
oiciteniuEt  developed  in  it,  nuder  the  inductiTe  power  of  Fi  4 

By  meonfl  of  a  glan  tube,  or  aticfc  of  resin  gently  extsUd.  n 
proftched  to  one  of  the  eleotrosoopea,  it  is  of  coTire«  esBy  to  det«i 
the  dcMriptJon  of  excitement  in  V.  -wlacli  wa  now  anam«  I 

828.     The  laws  of  Induction  may  be  thus  etat«d.        „ 
body  electrized  by  induction,  poBsesscs  no  tnore  electricity  (I 
before.    This  is  shown  by  the  fact,  that  as  soon  as  tb«  iiu' 
influence  ceases,  the  two  fluids  reunite  in  A  B,  and  no  b 
excitement  reuiaine. 

3d.  If  A  conductor,  excited  by  inducUon,  is  toucbed,  o. 
to  communicate  with  Ihe  earth  in  any  part  of  ita  eurbcc,  it  tk. 
wilh  a  portion  of  electricity,  always  of  the  aain«  name  »ith  te  | 
inducing  body,  and  it  retina  the  fluid  of  opjiosite  name     If  lb'  | 
inducing  cause  is  then   withihrawn,  the  insulated  conductor  m-  ' 
nuuDs  excited,  with  the  fluid  of  opposite  nMu«  to  *\\ti\  of  (hi 
inducbg  body. 

Thai  we  Dote  the  important  diatiootioni  betwaen  «  bodT  daobf- 
xed  by  induction  and  by  oondnetion.  ladnction  occaatona  ko  b'^» 
mieeion  of  free  eleotricity  to  tbe  other  body ;  bat  onlj  ^  d«M^i» 
dtlon  of  the  ^  electricitiea  of  the  ininlatad  conductor.  InitwiiHik 
prodacea  dinimilar,  ocndnetion,  Hcollar  eleetrieitj,  to  t*"t  of  the  «» 
dtiiig  body ;  and  tfaa  diitanoe  to  which  eleotrieUy  of  Indnotioa  a- 
leads,  greatly  exceeds  that  to  which  tt  ceo  be  propageted  by  o^ 
dnetioo,  where  abeolnte  tontaet  or  very  oloee  proziml^  b  reqaired, 
A  strong  analt^y  ezista  between  electric  and  magnetia  iadttetiaaiL 
Both  ToagneUam  and  electricity  by  <iialacl,  are  of  the  aame  nene  wttt 
the  body  touohed  By  iaflaeDce,  the  neutral  fluid  <tftha  excited  bod|r 
it  decomposed,  and  tha  polaritiee  are  ia  aeoordanoe  with  kwa  slriadj 
•tated. 

639.  loduotion  fa  an  act  of  oootlgnoaa  partMaa— Dr.  An- 
dv  haa  modified  the  usual  view  of  ioductton  just  stated,  1^ 
■kowiog  that  induction  uerer  takes  place  at  a  dietatice,  withost 
pidarikiiig  tha  molecules  of  the  intervening  non-oonductw,  cw»> 
iii(  Umh)  to  aMom*  a  oonstrained  position,  which  they  letabi  m 
tans  M  Ui^  aft  under  the  influence  of  the  inductiTe  body. 
Ptoiiii't  ttr  and  other  non-conductorB  permit  tha  { 


«H;  Wtalb  ^  Am  law  of  elactrieal  iodaetton  I  What  b  tha 
WMIi4t  WW^MkbitlloB  Uobeerred  between  indaetioB  asd  eoB- 
iMMeot    WWWMAwiq;  with  magaetiBnb  noted  1    »9.  HavlHW 
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electrical  influence  in  this  manner,  Faraday  calls  them  dA6UcM/C9^ 
in  distinction  firom  eleetrie$^  or  conductors  which  can  become  po- 
larized only  when  insulated  by  some  dielectria  Dielectrics  differ 
in  their  specific  inductive  capacity,  air  being  the  lowest  in  the 
scale,  as  follows;  via.  :  air,  1;  resin,  1*77;  pitch,  1*80;  wax^ 
1*86 ;  glass,  1-90;  sulphur,  1*98 ;  shellac,  1*95. 
The  apparatoi  used  by  Faraday  in  determioing  the 
relatire  inductive  capacity  of  air  and  other  gases 
is  B«en  in  fig.  646,  oondsting,  essentially,  of  two 
metallic  spheres^  O  and  F  Q,  of  unequal  diameter, 
the  smaller  placed  in  the  centre  of  the  larger,  and 
insulated  from  it  by  a  stem  of  shellac  or  gutta 
percha,  A.  The  two  halves  of  the  outer  sphere 
join  in  an  air-tight  joint,  like  the  Magdeburg  hem- 
ispheres. (819.)  The  space,  m  n,  may  be  emptied 
of  air  by  an  air-pump,  controlled  by  a  cock  in  the 
foot,  and  filled  with  any  other  gas  or  fluid.  This 
apparatus  resembles  the  Leyden  jar,  (946,)  with  the 
advantage  of  changing  the  intervening  dielectric  at 
pleasure.  The  balls,  (7  and&,  constitute  the  charg- 
ed conductor,  upon  the  surface  of  which  all  the 
electric  force  is  resident  by  virtue  of  induction.  As  the  medium  in 
m  n,  may  be  changed  at  pleasure,  while  all  other  things  remain  the 
same,  then  any  changes  manifest  by  the  proof-plane  and  torsion  bal- 
ance, will  depend  on  changes  made  in  the  interior.  The  same  end 
would  be  reached  by  having  two  exactly  similar  inductive  appara- 
tus, with  different  insulating  media.  When  one  was  charged  and 
measured,  the  charge  being  divided  with  the  other,  the  ultimate  con 
ditions  of  both  indicate  by  the  torsion  balance  whether  or  not  the 
media  had  any  specific  differences.  (For  farther  details,  see  Faraday's 
Exp.,  Resu  1197.) 

930.  The  attractiona  and  repulaiona  of  light  bodlea,  (907,) 
can  be  explained  only  in  view  of  the  phenomena  of  induction. 
The  excited  tube  or  resin,  decomposes  the  neutral  electricity  in 
the  pith  balls  or  bits  of  paper,  repelling  the  electricity  of  oppo- 
site namCf  and  being  thus  left  of  an  opposite  excitement  to  the 
rod  or  resin,  they  become  attracted  to  the  exciting  body,  in 
obedience  to  electrical  law.  All  cases  of  electrical  repulsion 
arc  equally  referable  to  attraction  under  inductive  influence. 
Thus  the  apparent  repulsion  of  the  two  pith  balls  in  an  electro- 

Whut  doei  he  call  dielectrics  and  electrics  t  Describe  the  apparatna 
used  by  Faraday,  fig.  646.    980.   How  are  attractions  and  repaid 
explained  by  induction  f    Describe  the  experiment  named  ^ 
section. 
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scope,  is  really  the  effect  of  the  attrmction  of  surrounding  hoditk 
whoso  electrical  equilibrium  is  disturbed  bv  the  inductiTe  incu- 
ence  of  the  exciting  cause. 

The  following  experiment  illostrates,  in  an  interesting  manner,  tl* 
development  of  electricity,  and  the  attractions  and  r^pu1»on«  of 
tight  bodies  by  induction.  Support  by  its  edges  a  pane  of  drv  ar.i 
warm  window-glass,  about  an  inch  from  the  table,  on  two  piccei  >-f 
dry  wood,  and  place  beneath  it  several  pieces  of  paper  or  pith  lulk 
Excite  the  upper  surface  by  friction  with  a  silk  handkerchitrf.  the 
electricity  of  the  glass  becomes  decomposed,  ita  negative  fluid  s-l- 
hercs  to  the  silk,  and  its  positive  to  the  upper  surface  of  the  cb»- 
plate;  this,  by  induction,  acts  on  the  lower  surface  of  the  rim**,  re 
pcUing  its  positive  electricity,  and  attracting  ita  negative,  the  inttr^ 
vening  dialect ric  being  polarized  as  ex|^lained,  and  the  lower  surfsM 
of  the  glass  electrified  by  induction  through  its  substance.  attr»ct« 
and  repels  alternately,  the  light  bodies^  like  the  excited  tube.  {9*'*.^ 
(Bird.)  Numerous  experiments  illustrative  of  induction,  are  givA 
under  the  electrical  machine. 

931.  Electrometers. — CavaUo's,  Volta^  and  Bennett's. The 

electroscopes  nientioiicd  in  section  008,  sor\'c  to  indicate  the  nrvs- 
ence  and  name  of  the  electricity.  Electrometers  are  dtsijnil 
to  give  approximate  measures  of  the  quantity  of  electrioitv. 

m 

FiiT.  ;  J7  shows  Cavalln's  eleotronieter — a  IkII  jar  with    a  mffailio 

rod  iir.vl  I  i:!:on,  L\  ^Uf-tniiiiiig  two  j>ith  l-nll!?,  m,  nt  th.?  «'i:Js  cf  tvo 

547  win-?.     Volt  a  sul'Stitutod  for  the  two 

pith  balls,  twodelic.'ito  Mado.^  of  straw. 
p.  Ikniitjtt  replace*!  tiiose  by  twu  *triji 
of  iri)ld    loaf,  o,   [ilaced    face    lo    fa»'e. 
WIuTi  the  knob,  It.  receives  t-It't-tri*.  itv. 
tho  pith   balls,  straw.*,  or  troM   l,a>.s. 
diverge,  and  l.y  the  deirriv  of  thoirdi 
vertr«'nce,  in*aPurod  on  a  trnitluaT...!  ar^-. 
the  intensity  of  the  eltftrioity  i>  iii-lj-vd 
of     Two   »itri]n4  uf  tin   foil,   c   e.   are 
-.ji.'^jd  to  tlio  inside  of  the  glasi*  bell,  to  dis<*har«:o   the  di\irL:H-: 
ta  '.»»  ^ -^n  they  are  repelled,  so  a?  touch  the  sides.     ( Khorwi.^r  tlu* 
hWto  >i  iho  i:U«8  jar  wonld  be  electrifitd  by  induction,  und  rin*i«r 
e*  ^•^•a^^'"*  *^**'** »  ^^^  *^  avoid  danipno?*.  the  to]»  of  tin-  1  ^11  i-* 
«L«i»d«!.  *»d  the  air  within,  dried  by  quick  linu?.     Approaohir;^'  an 
«AtA  W^  W^ardi  B,  the  gold  leaves  divcri^e,  bccauM*  tin-  i><»-iiti\  e 


Si 
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..  ^^iijijn^  cltetroBCOpeB  from  elcctrometeri^. 
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fluid,  if  the  ezoitont  is  poiitiTe,  is  driven  into  them,  while  the  nega- 
tive is  attracted  to  B.  Touching  B  with  the  finger,  the  positive  fluid 
passes  off  to  the  earth,  but  on  withdrawing  the  finger,  the  leaves  di- 
verge under  the  influence  of  the  negative  electricity  remaining  in  the 
apparatus 

The  condensing  electrometer  is  mentioned  in  section  944  and 
Bohnenberger's  under  the  dry  pile. 


ELKCTRICAL  MACHINES. 

982.  The  •leotxophonia. — ^Any  apparatus  by  which  electrical 
phenomena  may  be  obtained  at  pleasure,  is  an  electrical  machine. 
The  simplest  apparatus  of  this  sort  is  Yolta's  eleetropharu$^  or 
carrier  of  electricity,  invented  in  1776. 

A  cake  of  resin,  or  a  disc  of  whalebone-india-rubber,  or  gutta  percha, 
eight  or  ten  inches  in  diameter,  ia  excited  by  a  fur  or  warm  flannel, 
and  a  smaller  disc  of  brass,  or  tin  plate,  (with  rounded  edges,)  it 
placed  on  it  by  an  insulating  handle.  Touch  the  upper  smfeuse  of 
the  metallic  disc  with  the  finger,  (fig.  548,)  in  order  to  allow  the  es- 
cape to  the  common  reservoir  (911)  548  549 
of  the  negative  electricity,  result- 
ing from  the  decomposition  of  the 
neutral  fluid  in  the  metallic  plate 
by  the  excited  resin.  Now  remo- 
ving the  finger,  raise  the  diso  by' 
the  insulating  handle,  and  ap- 
proach its  edge  to  any  conductor, 
as  the  knuckle,  fig.  549;  immedi- 
ately a  strong  spark  is  seen,  due  to 
the  free  positive  electricity  existing  in  A.  Place  ^  on  ^  again,  touch 
it  aa  before,  and  the  same  result  may  be  obtained  as  often  as  desired. 
If  ^  is  left  in  repose  upon  B^  it  will  remain  charged  a  long  time, 
even  for  weeka,  and  a  Leyden  jar  may  be  charged  with  it  at  any 
time :  or  on  the  table  of  the  laboratory  it  may  be  more  conveniently 
used  than  an  ordinary  electrical  machine,  for  exploding  gasea  The 
section  of  the  electrophorus,  seen  in  fig.  550,  p.  579,  shows  how  the 
inductive  action  of  the  excited  resin  acta,  in  affecting  the  electrical 
nomenclature  of  each  surface,  as  indicated  by  the  signs  -{-  and  — 

The  phenomena  involved  in  the  electrophorus  are  identical 
with  those  explained  in  (928.)    Of  course,  if  the  plate,  A^  were 

982.  What  is  an  electrical  machine  7  Describe  the  electrophoroi. 
Uow  U  it  used?  Describe  figa  548,  549  and  55a  What  are  th« 
phenomena  of  the  elfttrophorus  compared  with  1 

25* 


Tjused  without  touching  it,  it  would  manifest 
dt«ment ;  th«  two  fluids  remmbtning  as  in  tt 
duct.  fig.  344- 

03^.  Tlie cylinder  electxiol  machine. — Wb«n  Un|.n  niMli 
ties  of  electricity  are  required  Ihao  cjld  be  obtained  fi«n  A* 
mcuia  alrcndy  deacribod,  reaort  is  had  to  ntkchines  od'  l*tfir  w, 
and  more  power,  all  of  which,  howcYn-  Tartous  in  fbrnx,  niiMW 
principally  of  three  puts,  vii:  1st,  a  non-con<luclor,  aeaiiij  it 
glasB,  revolving  on  ■  horizontal  axis,  and  producing  friction;  U, 
1  rubber,  against  (rhich  the  non-conductor  presses.  Tbe  niU« 
is  a  soft,  elastic  non-conducting  body,  as  a  cushion  of  IcatlM^ 
usoally  armed  with  amalgam,  to  be  described  h«r«after.  1^ 
two  ei>nductort,  usually  of  brass,  mounted  on  glaes  soppovtB,  M* 
to  receive  the  +  and  the  other  the  —  electricity. 

In  the  cylinder  niBchme,  fig.  SBI  n,<p,4S8.)  a  sniootbeyttadtt,  t, 
of  glao,  ininlated  and  tilled  with  perfectly  dry  air,  ia  t«toIred  hf 
the  winch  beforethe  robber.  C,  gosliiined  on  the  iasalatcd  prim^  «»•■ 
dnctor.  A,  and  i;overing  about  one-eighlh  of  its  eiirfi^r.^  :  au  ji.r-i:^  iJ 
sUk,  ia  nsoally  attached  to  ttie  Upper  Mfge  or  tfi«  rnbbar,  aad  extndt 
at  Ear  as  the  pointa,  P,  on  the  weond  candaetor,  B,  deaigned  la 
receive  the  -|-  deetricity  excited  at  C.  If  the  connecting  ro^  E  D, 
are  approacbedaiin  the  figure,  and  the  cylinder  iarevolTed,  and  then 
ie  no  conneetioDvithttie  earth,  thenthe-I-eleetrieity  a«enmalatedoa 

the  positive  conductor,  vrill  reanite  with  a  apark  with  tha electii- 

oity  of  the  nej^ative  condnetor.  A,  again  to  be  deeompoeed  aa  befera  H 
C  If  tbe  negative  condnctor,  A,  is  eonneeted  with  the  earth  hj  a 
lebain  or  metallic  thread,  then,  when  the  machine  ia  worksd,  a  eoo- 
tinoona  flow  of  sparks  of  poeitive  electricity  will  paaa  ftota  the  pea. 
itive  condnctor,  B,  to  any  eondnetor  near  raiongh  to  r«e«ive  tha. 
Bnt  If  A  ia  inBalated,  and  B  is  eonnected  with  the  earth,  then  Ova 
S,  a  coBtinuoDi  flaw  of  negative  electricity  >■  obtained.  In  rhb  eate 
a  flow  of  positive  electricity  takes  place  from  the  enihioa,  C,  thMnrb 
the  conductor.  B,  to  the  earth,  thus  leaving  the  eondoctor  A^  chaind 
with  negative  eleetricity.  Thie  form  of  cylinder  machine  waa  de- 
aigDed  by  an  Eogliahman  named  Naime. 

934,  Amalgaiii. — Noconsiderable  quantity  of  electricity  can  be 
evolved  from  an  electrical  machine  of  glass,  unless  the  rubba  is 
exdtedwiUiaB  amalgam  composed  usually  of  four  parts  mercarj, 

ess.  What  «r«  the  eieential  parti  of  an  electrical  maehlnel  Jit- 
eeriba  (he  cylinder  machine  of  Nairae.  How  ii  dther  aort  of  dee- 
tricity  oUainedatplcauiK    9H.  What  Is  amalgam,  and  haw  —j  r 
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eight  zinc,  and  two  tin,  mixed  with  some  unctuous  matter  and 
spread  on  silk  or  leather.  The  zinc  is  first  melted ;  the  tin  is 
added,  and  the  mixture  stirred,  and  poured,  not  too  hot,  into  a 
wooden  hox,  coated  inside  with  chalk,  and  into  which  the  heated 
mercury  has  heen  first  poured.  The  lid  is  put  on,  and  the  hox 
violently  shaken,  until  the  amalgam  becomes  cool.  It  is  then 
finely  pulverized  in  a  mortar,  and  becomes  as  soft  as  butter. 

935.  IUmsden>8  plate  machine,  as  its  name  indicates,  has  a 
plate  or  plates  of  glass  substituted  for  the  cylinder.  This  form 
of  apparatus  is  seen  in  fig.  548,  (frontispiece.)  The  plate,  F  F, 
is  revolyed  by  the  winch,  IT,  sustained  in  a  finme,  0  0^  of  baked 
wood.  Two  pair  of  spring  cushions,  a  tx,  armed  with  amalgam, 
produce  friction.  The  conductors,  C  C^  collect  the  electricity 
from  the  glass  by  the  points  seen  on  the  inside  of  their  curved 
branches,  placed  near  the  surface  of  the  plate.  Each  of  the 
cushions  is  connected  with  the  earth  by  the  conductor,  I); 
strips  of  tin  foil  pasted  upon  the  edges  of  the  frame  0^  and 
shown  in  the  figure  unshaded,  communicate  between  the  four 
sets  of  cushions  and  the  chain  I), 

This  form  of  apparatus  was  contrived  by  Rarosden,  of  London,  in 
1776.  The  earliest  electrical  machine  was  mode  by  Otto  Y.  Guer- 
rick,  (who  invented  the  air-pump,)  and  was  a  globe  of  snlpbor  or 
resin,  driven  by  a  motor  wheel,  the  hand  being  used  for  friction. 

Ramsden*s  apparatus  originally  gave  only  positive  electricity.  It 
was  so  modified  by  Von  Marura  as  to  obviate  this  defect  In  the  U. 
S.,  our  mechanicians  have  brought  all  apparatus  for  electrical  illus- 
trations to  a  degree  of  perfection  leaving  little  to  be  desired. 

Dk.  Hare  has  very  ingeniously  met  the  difilculty  of  obtaining 
both  electricities  from  the  plate  machine  by  making,  the  plate 
revolve  horizontally,  and  thus  allowing  the  positive  and  negative 
conductors  to  stand  like  arches  in  two  vertical  planes  at  right 
angles  to  each  other  above  the  plate.  (Sill.  Jour.  [1]  vii,  108.) 
Dr.  Ilare  was  an  ardent  supporter  of  the  Franklinian  hypo- 
thesis, and  this  apparatus  was  contrived  to  aid  that  view. 

RrrcHHE^s  double  plate  macqike. — The  largest  electrical  machine 
hitherto  constructed,  so  far  as  we  are  advised,  is  that  made  for  the 
University  of  Mississippi,  at  Oxford,  under  the  direction  of  President 
Barnard,  by  Ritchie,  of  Boston.    The  general  construction  of  tUa 


Describe  Ramsden's  plate.    Who  first  made  an  electrical  machine ff 
How  did  Hare  construct  the  machine  1    Describe  Ritchie's  machioa.* 


1  bj-  •  .     . , 

riM  br  fav  pdn  of  rabbH%  naa*  of  laii.  a^  ]^^  ^^t 
Sm  «<m1  Mt  tknMigUiMor  u  imtk  tUA^  mA  m  Ib  miI  h 
Hm  danpcrt  of  tbe  gnad  piuo.  Thaw  bm  eavwad  «flh  ^ 
bOft   rilk,  upon  wU«h   dw    ■ma^un   if  i  ~ 

tUa  eoMtraeUon  ue  Ibnad  to  be  br  n 
gmani  uni    Tbt  prime  condnBton  of  Ihl*  g 
M[Bai«  bat  of  poliifaad  inm  ejHaiM*  In  Otm  a 


Om  1 


•puttnent    vltk  aa 
OTarpoTeriofc    oiol 

of  OZOD«.    It  U  M  u- 

ranged  u  to  affiiid 
negative  electridtj 
from  four  rutibei» 
Oua  battery  for  tlui 
macbiaa  eontaiaa 
one  hundred  »i«^ 
twenty  glas*  b«U«, 
ingcd  ID  dftaeh- 
fi'meoia,  irh<i««  coat- 
ad  fnrfacea  ezpoM 
about  ninpt^r  sqiiara  feet  uf  ^nrface.  >'o  dvt^Ied  d«««ri|rti0D  of  tfaa 
performance  of  this  *upcH>  machine  hns  yet  been  made  publio.  It 
cost  over  Utree  Ilioiuutnd  dollars  vitliuiit  ita  batterica. 

Tbe  lai^at  and  mo«t  fainons  plate  machine  mcntioiied  in  tbe 
books  befuic  tluit  of  Rik'Iiic,  of  Bui^lnii,  IhiIIi  on  aceonnt  of  ita  aiu 
and  perfovniance,  was  made  by  Culhliertwin  for  Von  Mamm.  in  I7H, 
and  viu  plaocd  in  tha  Tylerian  □iii»>uin,  at  Haarlem,  in  Holland.  It 
vai  a  double  [Jate  mai^bine,  ench  [date  aixty-fire  iuchM  in  diametar, 
with  eight  cuihiona,  neorly  rixtcen  Inches  in  length,  and  twan^- 
three  and  a  lialf  feet  surface  In  the  eunductor.  II  gnre  three  hun- 
dred sparki  twenty-four  ini-lu-*  Ions  i"  «  miniilc,  forked  like  light- 
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nXng,  and  with  rays  six  or  eight  inehM  long,  branching  from  the 
angles  of  the  flash.  It  deflected  a  thread  six  feet  long,  8ix  inches 
from  a  perpendicular,  at  a  distance  of  thirty-eight  feet,  and  the  balli 
of  Cavallo's  electroscope  (982)  diverged  half  an  inch  asunder  whea 
forty  feet  distant  from  it  The  prime  conductor  was  supported  on 
three  glass  pillars  sending  out  collecting  branches  between  the  plates. 
Two  men,  and  sometimes  four  men,  were  employed  to  turn  it 
When  in  full  force,  a  single  spark  firom  the  conductor  was  able  to  bum 
and  dissipate  a  strip  of  gold  leaf  twenty  inches  long  and  one  and  a 
half  lines  wide.  A  pointed  wire  exhibited  the  appearance  of  a  lu- 
minous star  when  held  twenty-eight  feet  from  the  conductor. 

All  glass  is  not  equally  fit  for  electrical  plates ;  that  which  is  white, 
hard,  and  free  from  bubbles,  is  most  esteemed.  If  too  much  alkali  is 
used  in  the  compodtion  of  the  glass,  its  surfiice  attracts  moisture, 
and  soon  becomes  damp  and  rough.  Such  a  plate  is  worthlesflw  The 
preference  giyen  to  old  plates  is  due,  probably,  to  the  £sct,  that  their 
composition  has  enabled  them  to  preserve  their  properties  uninjured. 

93  G.  Oare  and  management  of  eleotzlcal  infr*hfairf^ — Perfect 
insulation  and  freedom  from  dust  and  roughnesses,  are  essential 
to  the  good  condition  of  all  electrical  machines.  For  this  end, 
the  glass  columns  are  varnished,  to  avoid  the  deposition  of  moi^ 
ture,  and  all  the  polished  surfaces  of  metal,  as  well  as  the  glafli, 
must  be  kept  quite  clean  and  free  of  dust  If  the  surflMO  of  the 
cylinder  or  plate  becomes  streaked  with  amalgam,  it  most  be 
wholly  removed.  It  is  better  not  to  put  any  amalgam  into  im- 
mediate contact  with  the  glass,  but  to  spread  it  upon  the  cushion 
pretty  thickly,  and  then  to  cover  it  with  a  piece  of  silk,  a  8u£Q- 
cient  quantity  will  pass  through  the  silk,as  the  machine  is  worked. 

If  the  glass  becomes  greasy,  it  is  best  washed  with  rectified  cam- 
phene,  burning  fluid,  or  ether.  It  is  indispensable  that  the  surface 
of  the  amalgam  should  be  in  good  metallic  communication  witli  the 
earth,  which  is  accomplished  by  the  use  of  tin  foil  or  tiusel  Cush- 
ions stuffed  with  metal  filings  are  preferred  by  some,  chiefly  for  Uiis 
reason.  A  cushion  or  rubber  made  of  two  or  three  folds  of  cotton- 
flannel,  between  which  is  laid  a  continuous  strip  of  tin  foil,  of  the 
same  size  with  the  rubber,  works  exceedingly  weU.  Pres't  Bar- 
nard's cushion  has  already  been  described.  (936.)  Aurum  muni- 
vum,  (the  bisnlphurct  of  tin,)  a  yellow  bronxy  powder,  is  an  excellent 
subf^titute  for  amalgano.  It  is  supposed  to  suffer  chemical  decompo- 
sition in  use,  and  so  to  quicken  the  activity  of  tlie  machine  Finally, 
a  dry  winter  air  is  indinpensable  for  the  best  working  of  an  electrical 

936.  What  is  said  of  the  cure  and  management  of  elaetrieal  ma- 
chines  1  Uo  w  is  the  glass  cleaned  I  What  is  said  of  eushiona  I  W1m# 
substitute  is  mendon^  for  anwlgam  ? 


dtottieiiMMgitant<rflocoiuaUf»  iliin  rMtliM.Ytf 
Int  Mitntifiadtr  DOtioed  in  1B«0,  bj  Mr. 

S5S  CHtlMD-iyiia.       Hm      ., 

whidi  he  conhltwl  toibowtt^ 
eflbets  iia  eonuBm  high  ptMiBi 

l^V  "t^BBHH*' 1  "^  twenty  iiH^Ma  in  flhiMitr. 
I^H  ^iD^P^w  <|  ^  uMiiited  OD  bisnlidi^  ^Itar^  ■>< 
"V^^^^^^^  atnmg  eooash  Itte  k  puMuii  rf 

■  '^^^^^^  too  Iba.  to  Om  inch.    nMstaafa 

mlbred  to  caop*  hyjtta,  A,^% 
peculUr  form,  on  the  side  of  tke 
[,  B,  into  which  it  is  «dtiiitted  bj 
.  the  cock,  C.  Faraday,  in  inresti- 
^gatiog  the  electricity  of  steam. 
"found  that  ffry  Bteam  gave  no  ex- 
citement, and  that  the  electrid^ 
resulted  from  the  friction  of  vcsicloa  of  water  against  the  sides 
of  the  orifice.  Hence,  B  contuns  a  little  water,  over  which  the 
steam  escapes,  and  is  partially  condensed.  The  jet  has  an  in- 
terrupted passage,  seen  at  J/  to  produce  friction,  and  its  nozale 
is  lined  with  dry  box  or  partridge  wood.  The  Tapor  escapee 
agunst  a  plate,  P,  covered  with  metallic  pobts,  to  collect  the 
electricity,  and  ending  in  a  brass  ball,  D,  insulated  from  the 
earth.  The  boiler  is  negative,  and  positive  electricity  is  collected 
at  D,  provided  the  water  is  pure  and  free  from  grease.  Turpen- 
tine and  other  volatilo  essences  reverse  the  polarity,  while  grease 
or  steam  from  acid,  or  saline  water,  ilcstroy  alt  excitement  If 
the  noEilo  of  the  jet  ends  in  ivory  or  metal,  there  is  also  no  ex- 
dlement  A  boiler,  such  as  is  described,  will  develop  in  a  given 
time,  as  much  electricity  as  four  plate  machines  fortj  inches  in  di- 
ameter, makii^  uxty  turns  a  minute ;  a  truly  surprising  result 
988.  Other  lOnroe*  of  electrical  ezdtnnent. — I.  The  bends 

937.  Dcacribc  An>utraTif;'ii  hydroelerirk  inaohinc  t  Tu  what  doM 
TVtniday  attribute  the  excitement  I  Wbal  imrue  hei  the  fleet  ririlj  t 
WK.i  .1— — ■"-^  affect  lbi*T     Wbnt  cif  llapnwer  I 
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of  leather,  India-rubber  orgutta-perch%  used  to  drive  machine- 
ry, often  become  powerful  gources  of  resinous  electrical  excite- 
ment, giving  sparks,  sometimes  over  twenty  inches  in  length,  of 
negative  electricity. 

In  cotton  mills,  bo  mnch  electricity  is  thus  f  et  free,  that  it  becomes 
necessary  to  let  steam  into  the  carding  and  roving  rooms,  to  avoid 
inconvenience  from  the  repnlsions  and  attractions  of  the  ootton.  A 
leathern  band,  mentioned  by  Mr.  Baohelder,  (Am.  Jour.  Sci.  [2]  m. 
260»)  gave  sparks  to  the  finger  at  three  feet,  and  a  Inminons  brash, 
to  a  steel  point,  at  seven  feet  The  discharge  from  leather,  as  from 
all  bad  conductors,  is  local,  or  danger  wonld  attend  it^ 

Dr.  Franklin,  In  a  letter  to  Bowdoin,  suggested  for  a  portable  elec- 
trical machine,  a  cross  band  of  staffed  leather,  moved  by  a  winch 
over  dromiL  ito 

2.  The  friction  of  shoe-leather,  on  woolen  oarpetB,  in  houies 
warmed  by  hot-air  furnaces,  or.  steam,  in  cold  WMlher,  is  a  fer- 
tile and  curious  source  of  negative  electrical  excitement 

The  yoang  people  in  the  author's  house  find  an  unfailing  source 
of  amusement  in  cold  weather,  in  giving  electrical  shocks^  by  kisses 
and  otherwise,  to  unwary  people,  or  in  lighting  the  gas  by  a  spark 
from  the  finger  or  a  key  handle,  after  running  briskly  over  the  ear- 
pet  Prof.  Loomis  has  noticed  these  effects  in  the  Am.  Joar#  Set  '{1} 
z  821,  and  zzvi,  686,  in  detail  They  appear  to  be  unknown  in  Eu- 
rope, owing  probably  to  the  fiict  that  European  houses  are  never 
warmed  and  dried  by  hotair  furnaces. 

989.  Theory  of  the  elaotrioal  maohiney — The  phenomena  of 
the  electrical  machine  may  be  explained,  either  on  the  theory  of 
one  or  of  two  fluids.  The  explanations  of  induction  (928)  alremdy 
given,  apply  equally  to  the  development  of  free  electricity,  upon 
the  prime  conductors  of  electrical  machines.  When  the  machine 
is  turned,  the  neutral  electricity  of  the  rubber  is  decomposed, 
the  positive  fluid  follows  the  glass,  until  coming  opposite  the 
points  on  the  prime  conductor,  tbe  negative  electricity  of  the  con- 
ductor flows  out,  to  unite  with  the  positive  of  the  glass,  while 
the  positive  fluid  of  the  conductor  is  repelled  to  the  other  end,  thus 
leaving  the  prime  conductor  powerfully  positive.  Reaching  the 
rubber,  the  neutral  fluid  of  the  glass  is  there  decomposed,  its  neg- 
ative portion  seeks  the  common  reservoir,  and  the  positive  fol- 
lows the  revolving  glass  to  the  points  as  before.    The  conduc- 

988.  What  other  sources  of  electrical  excitement  are  named! 
What  is  said  of  electrical  hdUMs,  and  the  cause  ff    989.  Explain  th* 
action  of  the  electrical  machine.    What  becomes  of  the  m 
fluid  of  the  prime  eonduotor  ff    How  does  it  become  podtivv 
is  said  of  the  aotieil  of  the  amalgam  7 


tor  dots  not  MqidTO  poritifv  tfeobkilf  ll«M  IhB  flrt^  ImI  ^ 
Hs  ]M|^i«iY6  tiierati^  tlias  baooiiriiii:  ItaBlf  po 

It  b  illtl  an  opco  quMttim  wliellMr  A*  i 
ehffiiiealarmMiMoiML  (9t4.)  Iiise«rtelBtkatAa 
or  gold,  do«  aot  sflt  to  enifta  €lMlriflilgf,  Bha 
iMtol%  and  Be.  WoilMton  dwaoMlnrtod,  tto 
Im  on  alaoipiwro  of  ooriio«io  aoid  or  ■Mn^gwi^ 

In  ril  itfiff,  *^t  '^s******^  ^•^  1 1  ■«  y    '  itn jfantw  ¥j  m  i 
oAsm^bo  ii  HffftMUPMrfcul  by  dMindiMttiMiof  mi 
UAobodyreoilTiiigtlie  tboek,  whim  oppoiita  FilMliiillj, 
with  Iha  of  the  eoadoetor  by  a  foraUodiv^tfom  «C4 
dkioetrie,  prodnoo  the  lomid  and  JhA  of  tho  JqmUW 

ii|piMonair--A  imiltitnde  of  iitttnictm  and  ai^^ 
laof'be  mada  with  tlie  elaotrioal  macliiiM^  Qhstmliii^  tf^ 
flItnotioiL    A  ibir  molt  anffloft  • 

1.  TnlfPLAtiiwSiooLi>ab<BAiHtih^awlaB^(alwiBida« 
MS  Uaak  UMm  anawen  patfceUy,)  oa  whiak  m 
itand  or  tit^  while  in  eommnaieation  with  tho 
maclune.  Being  thus  insolated,  the  free  electricity  can  es- 
cape only  throngh  the  Barronnding  ait^-^approm^dag  the 
kunckle  to  any  part  of  the  person  or  drees  of  one  eo  ntm- 
ted,  a  strong  spark  is  received.  Except  for  the  liair  h*ai>g 
repelled,  the  person  charged  is  not  consciooe  of  any  ehange 
from  an  ordinary  state.  A  doll's  head,  with  paper  hairyaet 
upon  one  of  the  conductors,  is  a  common  electrical  toy. 
2.  Henley's  Electbosoofb,  iSg.  568,  serves  to  tnerk  the  do* 
gree  of  tension  in  the  machine  by  the  repulsion  of  a  pith  >**n  at 
the  end  of  a  straw  :  it  is  mounted  on  one  of  the  conductors^  mad  in 
dry  weather  remains  extended  a  long  time,  but  in  damp  weather  fidb 
immediately,  when  the  machine  stops. 
3.  Electrical  Bells,  fig.  654  ;  the  bells,  A  and  B,  are  auspeoded 

by  a  metallic  thread,  from  the  ends  of  a  croes- 
bar  of  metal  hung  on  the  machine ;  the  bell,  C, 
and  the  two  clappers,  are  hung  by  insulating 
threads.  C  is  connected  with  the  earth;  and 
when  the  machine  is  worked,  A  and  B  beoome 
positive,  and  by  induction  C  becomes  negative,  aad 
the  little  clappers  being  alternately  attracted  aad 
^  repelled,  a  constant  ringing  is  kept  up  as  long  aa 
the  excitement  lasta  If  the  machine  is  too  aet> 
ive,  luminous  sparks  pass,  and  the  bells  remain 
stilL 


554 


irfri 


940.  Explain  the  insulating  stool  and  Hcnle/s  electroscopCL    Why 
)  the  electrical  bdls  ring? 
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4.  Yolta's  HAiirBTORM  18  ft  contrivaDCe  designed  to  show  how  (in 
Volta*s  view)  hall  might  be  prodaced.  A  656 
glaas  bell  conunnnicatee  with  the  machine,  fig* 
555,  above,  and  rests  on  a  metal  plate  in  com' 
munication  with  the  earth.  When  the  machine 
is  worked,  the  pith  balls  on  the  plate  areviolent- 
ly  agitated,  being  drawn  np  and  repelled  again 
actively,  while  the  excitement  lasts.  A  simple 
bell  glass,  or  large  tumbler,  electrized  by 
contact  of  its  interior  surface  with  the  con- 
ductor of  an  electrical  machine,  answers 
quite  as  well,  and  may  be  placed  over  a  heap 
of  pith  balls  on  the  table ;  they  are  violently 
thrown  about  as  long  as  the  excitement  contin- 
ues. The  dance  of  puppets  is  only  a  sub- 
stitution of  litUe  figures  of  dancing  peasants, 
made  of  cork  or  pith,  and  placed  between 
two  metallic  plates. 

5.  The  Electrical  Wheel  is  composed  of  several  points  fixed  in  a 
centre,  so  balanced  as  to  rest  on  an  up-  556 

right,  sustained  on  one  of  the  conductors, 
fig.  556 ;  as  the  machine  is  worked,  the 
escape  of  the  electricity  from  the  points 
re-acts  on  the  air  with  sufficient  force  to 
revolve  the  wheel  with  activity.  The  exis- 
tence of  such  a  current  of  air,  caused  by 
the  escape  of  electricity  firom  points,  is 
further  shown — 

6.  Bt  a  Candle  rLAXE;  a  candle,  fig. 
557,  held  before  the  point,  has  its  flame 
blown  aside  by  the  rush  of  air  accompa- 
nying the  electricity.  If  the  candle  is 
placed  as  a  conductor,  and  a  point  is  held 
out  to  it,  the  direction  of  the  flame  is  altered  by  the  reverse  fluid 
induced  on  the  point,  fig.  558. 

This  experiment  has  been  called  the  eUetrieal  hhw-pipe.  The 
rush  of  air  from  the  points  may  be  so  energetic  f^rom  an  active  ma- 
chine, as  to  extinguish  the  flame.  In  the  dark,  all  points  on  an  elec- 
trical machine  emit  a  stream  of  light,  called  the  electrical  brush.  Of 
course  no  sparks  can  be  drawn  firom  points,  but  a  Leyden  jar  may 


What  is  Yolta's  hail-storm ff  Why  does  the  electrical  flv  revolve! 
How  does  a  point  affect  a  candle  flameff  What  other  illiistnitioDt 
are  named  ff 


be rfknfly ahnged finim tiMn.    VlbepolBtis 
lUfl  m  indb  or  two  in.  fJiawwUi, 

iti  peeaBar  ■  etioii  ewwi^  Mid 
tlieb«UesttiiI«xfaL 

cotftedMtrtMl  wiiUrpo^  tk« 
iMliiMd  pln^  ttd  Ibe 

inQ  IcBoim  Ibniii  of  appa-l 
ntu,  dflrigiMd  todMnr  1b« 
wm%  pvliMiipl&     The 
lognaiof  an  Ifledbg 
eontain  nmiMraiiB  addilloaal  flhiilt>tioMt»ttoi 
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tion  already  explained,  have  a  curioos  and  most  important  ezlai- 
sion  in  the  subject  of  this  chapter.  When  two  equml  and  in- 
sulated conductors,  equally  excited  by  the  two  opposite  electri- 
cities, are  separated  from  each  other  by  only  a  thin  plate  of  ^a», 
or  other  dielectric  material,  no  signs  whateyer  of  any  electiml 
excitement  are  communicated  by  either  to  an  electroscope  con- 
nected with  them.  The  dilectric  prevents  the  union  of  the  op- 
posing electricities,  but  not  their  mutual  inductiye  action,  whef^ 
by  their  presence  is  entirely  masked  to  surrounded  bodie& 

Removed  to  some  distance  from  each  other,  each  manilestB 
free  electricity,  by  the  divergence  of  its  electroscope.  Bat 
if  they  are  once  more  brought  together,  this  evidence  of  excite- 
ment again  disappears,  and  so  on,  until  the  imperfect  insulation 
of  the  air  gradually  neutralizes  all  free  electricity. 

When  so  situated,  the  electricities  are  said  to  be  latent  or  di9' 
guUed^ — paralyzed  by  their  mutual  attractions. 

942.  The  condenser  of  ^Spinas. — The  phenomena  of  disguised 
electricity  are  illustrated  by  the  use  of  various  condenser^  con- 
sisting essentially  of  two  extended  metallic  surfitces,  and  an  in- 
sulating medium.  They  are  sometimes  adapted  to  .accumulate 
electricity  of  high  tension,  and  sometimes  their  aid  is  invoked  to 
render  sensible,  quantities  of  electricity,  otherwise  insensible. 


941.  What  Ib  diflguised  electricity  T    942.  What  are  elaotrical  eon- 
densenf 
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The  eondeiwer  of  .Xplnira,  fig.  669,  6B0, 1«  aerigoed  for  lli«  for- 
mwpnrpoae,    Tiro  polbhed  m«-        659  SSO 

Ullic  rarfiwei,  ^  O,  with  e](x 
troacopM,  ■,  i,  »nd  Minlprmpdi 
ate  thin  glaw  plate,  B,  Sg.  CiJO.  ^ 
are  all  mounted  on    insiilntiug'* 
glosfl    pill«n,    uid    ili(1«    1 
groove  eat  in  tb«  haae.     In  tig.  i 
6S9,  thetwodbei  are  plai-cJ  in 
close  contact  vith  the  irtcrvi;iiiu£ 
n,  podUve  electricity  flowa  into  A,  from  the  ei:eit«d  a 
electrical  machine. 

Did  A  Bland  alone,  it  could  only  receive  so  mneh  dMtridtf  a* 
would  raiae  its  surface  to  the  aame  tenrion  with  the  prime  oondaetoF 
of  the  mBChine.  But  this  condition  ia  whollj  changed  by  the  pre*, 
ence  of  the  Becand  plate,  C,  cut  oS  from  actoal  contact  with  A  by 
the  dielectric,  B,  but  entirely  within  Its  inductive  iafluence.  A  part 
of  the  nataral  flnid  of  C  is  at  once  decompoaed  by  Ihia  loflneiice  of 
A,  attracting  its  negatlTs  Suid  to  the  inner  surtace  of  C,  and  holding 
it  there,  while  the  oorreaponding  posiUve  fluid  from  Cia  expelled  by 
the  conductor,  m,  to  the  eari^  No  free  electricity  would  remain  if 
it  were  possible  for  B  to  exist  and  act  as  a  dteleotrie  without  thick- 
ness :  bnt  as  this  is  evidently  imposaible,  it  happens  that  a  little  leaa 
negative  fluid  ia  drawn  to  liie  lurfaee  of  C,  than  ealsU  of  pOMtive  on 
A,  by  reason  of  the  thickness  of  B.  Consequently  the  electroscope 
on  A  remains  slightly  elevated,  (reeidual  charge,)  even  alter  some 
t^e,  while  that  on  C  eoatinnes  wholly  pasuvev 

But  the  neutralization  of  A'»  positive  fluid  by  the  decoinpoeiUon 
of  an  eqnivalent  of  natural  electricity  in  O,  resoltt  in  lowering  tha 
teniion  of  ^  to  the  low  degree  eorreeponding  to  its  residual  free 
electricity.  Hence  A  can  receive  a  fresh  charge  from  the  machine, 
raising  lie  teniion  to  ita  first  condition,  and  inducing  the  decomposi- 
tion of  a  ttesh  portion  of  neutral  electricity  in  C  as  before,  and  thus 
the  action  proceeds,  antil  the  whole  of  the  natural  fluid  of  both 
plates  ia  decomposed  and  disguised,  or  rendered  latent,  eioepting 
that  small  portion  which  at  eaoh  instant  constltntes  the/rw  electri- 
city, equivalent  to  the  diOerence  due  to  the  thiekneaa  of  B,  and 
which,  as  we  have  seen,  would  be  null,  if  B  could  be  conoaived  of 
as  having  no  thickness.  It  is  this  small  reaidue  whleh  conttltQtes  Ibe 
residual  charge  in  the  Leyden  jar. 

In  performing  this  experiment,  the  kanckle  may  serve  as  a  eoD- 

Describe  that  of  i£pinaa  What  eflect  have  the  two  plates  A  and 
C  ou  each  other  1  How  doea  B  affect  them  I  Why  doea  the  elealio- 
scope  b,  and  not  a,  diverge  t  What  determines  the  point  of  rnkst 
mum  charge! 


diMlor  to  Um  «rth,  ia  plMt  of  M,  wbM  a  11^ 

bo  roMtTod,  (poi&liTo  dtetridiy,)  oouteatly  MwmAw^iJ^My^ 

lag  vith  ike  moadmiim  dioigo  of  ui  and  a    Thfepoi^ofi 

<iioigeiodcp6ad«BftoB»  lrt»  thooitoatof  auiibooim  ui  J/  fldl«aAi 
tondoa  of  Ao  priaio  eondnetor ;  aad  Sd,  oat  tha  UiickaMM  of  A 

Wbn  tlio  poinl  of  MtanlioB  ia  if  aad^k 
floetridtiM  poHlblo  aio  dkgoiMdia  Om  oona^ 

uiiiBlikowooBlyaleoUo  owiteBiOBl»  aMnoi^ 

iaa'iftiitoof  ozteoaioUaMoo.  Wlthdiaw^now;  jIaadCftoM  JL* 
AowB  ia  llg.  MO:  tlio  doetroieopa^  ui  aad  ^  bolh  Aow  w^  » 
oitMaeaft:  rartoro  Hm ploto  ogola  aiat faoL  *  h—MMMia  *g***  ^■jImIj 
poiilTOb  whilo  o  aboirt  tiio  mubo  Mblo  trrHoinont  aa  bafam  Vm 
oppodag  toids onload  (7 oio wkol^ oooapiad  vitk  tiboirHil^ 
attnottoM^  and  only  tlio  moll  oiOMi  of  -|»  flvid  k  fMt  ao  Ami§ 
oiploiood,  to  ofioot  the  doetraoopo  JL  Tho  plateau  aad  17  no  aiv 
pdtf  ohoi^god  with  diagaised  doetridty,  roadorad  laftMt  bj  bmIhI 
iadnriHnni^  and  thn  pnliilnirtnii  nf  ttio  dlolooQIa  JL  AMmmIh^ 
poTCB^  poadTo^  thoy  oro  aetoony  in  a  itato  of  1^^U^kom,mwmf 
bo  pcoTod  by  their  diiehorgo. 

943.  Tho  diochazga  of  tho  condoBoar  may  happen  in  tfane 
woys.— 1st,  imen9ibly  ;  by  the  imperfect  insulation  of  tho  sqi- 
ports,  especially  if  the  air  is  damp  ;  but  always  gradually. 

2d,  by  the  disruptite  discharge.    If  the  plate,  ^  is  too  Utan 
in  reference  to  the  extent  of  gurface  in  A  and  O^  the  tenston  of 
the  opposing  fluids  will  OTorcome  the  cohesion  of  the  glass,  B,  and 
I;  it  will  be  shivered  in  pieces,  with  a  loud  explosion^  and  brilliant 

spark.     The  same  spark  and  explosion  may  take  plaoe  witiioot 
destroying  the  dielectric,  if  we  use  a  discharging  rod^  fig.  561, 
to  effect  communication  between  A  and  C.    If  this  rod  is  pro- 
561  Tided  with  glass  insulating  hafcr^dlfB,  (as  in 

the  figure,)  the  experimenter  feels  no  sen- 
sation ;  but  otherwise,  or  if  .^  and  ^aro 
brought  into  connection  by  the  naked 
hands,  then  a  powerful  shock  is  experi- 
enced, convulsing  the  whole  fi*anie.  The 
same  sensation,  in  a  feeble  degree,  b 
felt  when  the  knuckle  receiTeB  the  qMoks 
of  an  excited  machine. 

8d,  and  lastly,  the  charged  plates  may 
be  slowly  discharged  by  alternate  cof^ 


I 


How  do  A  and  C  act  if  Benarated  ?    How  when  re-iolned  \    MS. 
How  may  the  plates  be  discharged  ff     Describe  the  dismptiTo 
eharge; 


/ 
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nection  wUk  the  earth.  While  the  condenser  is  in  the  cohdition 
indicated  by  fig.  669,  touch  C  with  the  finger ;  no  efiect  follows ; 
touch  A^  and  a  feeble  spark  is  received ;  the  electroscope,  a,  falls 
while,  at  the  same  instant,  that  on  (7  is  raised  to  the  same  de- 
gree, showing  that  what  A  has  lost  in  free  positive  electricity, 
C  has  gained  in  free  negative  fluid.  Touch  C;  a  slight  shock, 
a  feeble  spark,  and  the  fall  of  the  electroscope,  J?,  ensue,  while 
the  electroscope  on  A  again  manifests  its  ori^nal  excitement 
Thus  by  the  alternate  discharge  of  A  and  (7,  the  whole  of  their 
disguised  fluids  are  graduaUy  set  free  and  discharged. 

944.  Volta's  oondaniiing  electroscope. — ^This  instrument  de- 
pends on  the  principles  just  explained,  and  is  used  to  render  sen- 
sible by  condensation,  electricity  of  too  feeble  a  tension  to  affect 
the  ordinary  gold-leaf  electrometer.  (981.) 

The  plate  A,  fig.  662,  it  covered  with  a  waxed  silk,  alightly  larger 
than  the  discs ;  this  takes  the  place  of  the  dielectric,  B,  fig.  660. 
When  the  instrument  is  used,  the  upper  plate  is  placed  in  the  posi- 
tion shown  in  fig.  563,  and  its  sur&ce  is  touched  with  the  body 
whose  excitement  we  would  measure ;  e.  ^.  a  crystal  of  tourmaline.  At 
562  the  same  time,  the  un-  668 

der  surface  of  the  low- 
er plate,  (in  connec- 
tion with  the  gold 
leaves,)  is  touched  by 
the  moistened  finger 
of  the  other  hand. 
The  influence  of  the 
excited  electric  acts  in 
this  case  exactly  as 
has  been  already  ex- 
plained in  the  conden- 
ser of  iEpinua  No 
divergence  is  seen  in 
the  gold  leaves,  until 
the  upper  plate  of  the 
condenser  is  raised, 
as  in  fig.  562,  when  the 
gold  leaves  promptly 
diverge:  this  action 
being  heightened  by 


What  is  its  effect  on  the  human  frame?    How  are  they  aloiP 
discharged  f    944.  Describe  Volta's  condensing  eleetrometer. 


I  tefliMBMoftwo  ■="■-  ^"-  -f  J  niari  Jwi,  itig 

JM  mU(^uI1i«  lower  a^  of  ttagaii  {aim 

iT  Th*  LqrdM  Iv^AooidMd  Ud  to  Oa  dtHwrg^  i(  M 

nmukabU  ^m*  rf  i^biAi^  kng  fadta  li 

prindplM  w«n  nadi  daac  lij  Om  eod^iv  4 

riita  of  »  ttdn  tfui  Jtf,  flg.  MA,  mttad  farfk  ^ 
ontaMa  with  tin  fcO,  u  Sr  «■  Um  band  of  te  lA 
Hie  bnwr  sarftee  ii  «xtMia»d  hj  thawir^  tviyN 
a  biuB  knob  mt  tap,  toneliiiig  tfa*  fanw  onSii 
17  »  pfeoe  of  chain  orwfr^  and  BostafaMd  fa  ik|bi 

Ilia  nktlaiii  of  tli*  Jar  and  tha  two  a^MBa  ^^ 

.. __PlBgi,  win  ba  tMu  by  flc.  H6,  aluiwf^  h  aM^a 

Xi9<l«iiJar,thapaitaof  wUahareaapanUa,  — ■*  ti  -rtia  liaal  »m 
ymimajltaoAhock,totmjfmili9aib»mKUam.  U«fllkH«ri 
'     US     -ir*-~""""" n "•"— "nallnjM^^hiia 

e>K.  —J—.-,  -f  jjj— .  .» J  »i—  -1 .  ■  ■  ■  ^1  ^^^j  ^^  iif 7ml 
UiL  If  th<  knob;  (,  of  tbe  L«ydeii  jar,  inaokted  bmb  • 
■Und,  fig.  066,  U  prewntcd  to  the  eoDdnctor,  m,  ot  tin  «Iw- 
trieal  machine  Is  action,  only  a  siiigla  apBrk  or  ■<>,  viD 
enter  It,  unle»  a  way  b  prorlded,  as  by  ths  condoelor,  t, 
for  tbe  «eoap«  of  tbe  rimilsr  elaetrlel^  from  tita  ^tteiar 
coating,  vhile  ibi  oppouta  tt  then  fixed  at  In  C,  fig.  66G.  Hm  chaw- 
log  of  the  jar  then  proeoeds,  and  tor  «very  spark  whiab  darb  fton 
(>66  a  to  A,  a  corre^ymding  one  of  dmilar  alcctricitf, 

!■  yO  _  >B  >«en  to  escape   ttota  the   aatar   oostlw  to  c 

When  it  i>  hdd  in  the    hand,  the   mna  cdM 
followa  throngh  the  aim,  aeeompaniad  bj  a  alight 
twinge  in  tba  nerreai     Freaently  tfaa  ptrint  of  mI- 
"''  n  i*r«aefa«d,  the  tvodeeompoaad  dectriei- 
re  latent,  either  coaling  may  b«  f^riavlj 
touched  alone,  bat  as  soon  a*  by  tha  dlschaifcr 
1^  or  otherwise,  coDunDnicatioD  made  between  than, 
a  loud  snap  and  brilliant  »park  follow  with  a  violent  shock. 

The  invention  of  the  Lejdcn  jar,  or  rial,  is  commonly  aitribnlad 
to  Cunssnt  or  Hnshenbroek  of  Lejdea,  in  1746.  Ton  EleiBt,  dean  of 
the  chapter  at  Comln,  in  Poraerania,  also  independently  AaeoTerad 
this  important  inBtminent  by  a  similar  aoddent 

With  a  view  to  fix  electricity  in  some  insalatad  snbatanee,  Coms- 
ns,  in  1746,  led  electricity  into  a  email  vial  eontaInin|c  water.  In 
a  bent  nul  thmst  tlirooph  the  cork,  and  hung  on  the  prime  eondoc 
tor.    Endeavoring,  in  one  ot  these  trials,  to  detach  the  vial  and  nail 

946.    What  is  said  of  the  Leyden  jart    Describe  It 
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from  the  eleetrieftl  machine,  OoiimiB^Ito  hi»gr«at  amasoment,  received 
a  yiolent  shock.  Von  Eleist^  in  the  oonne  of  a  valoable  series  of 
experiments  (1746)  on  electricity,  led  the  fluid  by  a  brass  wire  or 
pin  into  a  bottle  containing  mercury.  '  As  soon/  he  says^  '  at  this 
little  glass,  with  the  pin,  is  removed  from  the  electrical  machine,  a 
flamipg  pencil  issnes  from  it  so  long,  that  I  have  been  able  to  walk 
oxty  paces  in  the  room  with  this  little  burning  machine ;  and  if  the 
finger  or  a  piece  of  money  be  held  againt  the  electrified  pin,  the 
stroke  coming  out  is  so  strong  that  both  arms  and  shoulders  are 
shaken  thereby.' 

This  diMsovery  of  so  wonderful  a  power  in  nature,  beibre  unsus- 
pected, created  immense  excitement  over  the  civilixed  world,  and  it 
was  precisely  at  this  time  that  Franklin  immortalised  himself  by 
his  contributions  to  the  new  science.  He  explains  the  action  of  the 
Leyden  vial  by  his  single  fluid  hypothecs,  in  his  '  obeervationB  and 
experiments  on  electricity,'  in  a  manner  which  must  ever  win  for 
him  the  reputation  of  a  profound  philosopher. 

946.  Elactrlcity  in  the  Lejrden  Jar  realdM  on  the  gliMk — ^In  fig. 
667,  the  jar,  A^  is  composed  of  the  667 

three  separable  pieces;  B^  the 
glass,  C7,  its  outer,  and  Z>,  its  in- 
ner metallic  coatings.  When  this 
jar  is  charged,  and  set  on  an  insn-  { 
lating  surfiuM,  it  may  be  separated 
into  its  three  parts  without  being  discharged ;  but  0  and  D  will 
then  be  found  by  the  electroscope  entirely  free  from  excitement, 
while  B  remains  strongly  excited.  Putting  the  parts  together 
again  as  in  ^  the  jar  will  be  found  charged  as  at  first,  if  the  air 
is  dry,  and  too  much  time  has  not  passed. 

947.  The  eleotrlo  battery. — As  tiie  charge  of  the  Leyden  jar 
is,  other  things  being  equal,  directly  as  its  surfisM^  large  jars  are 
plainly  of  more  power  than  small  ones.  But  a  limit  of  size  is 
soon  reached,  which  the  thickness  of  glass  required  for  strength, 
and  other  circumstances,  render  it  unprofitable  to  pass.  Hence 
several  coated  jars,  of  moderate  size,  are  united  by  joining  all 
their  inner  coatings  by  metallic  rods,  and  all  their  outer  coatings 
by  a  common  conducting  base,  as  shown  in  fig.  668.  Such  an 
arrangement  is  called  an  electrical  battery.  When  charged  frt)m 
a  common  source,  and  discharged  in  the  usual  way,  they  all  act 
as  one  great  jar,  the  result  being  in  not  quite  the  ratio  of  the 
number  of  jars,  but  nearly  sa    Hence,  the  smaller  the  number. 


What  is  it  like  f    How  is  it  charged — suppose  it  to  be  u 
What  of  its  history  t    What  is  said  of  Franklin's  expUnati* 


insulated  t 
out 


ttw  Udniur  the  ^UB,  tnd  gTMtcr  tiM  sin  oTHm  JM^,^WI>, 
and  sevenl  batUnfa  of  seran  lod  idna  Jm,  mdtad  to'ttii  eha^ 
iftdt  of  tliB  oentnl  Jan,  ira  pnfcnbla  ton 
IlKta.    T1w7  aradurged  byoaaneattogllL.   ___ 

ijprbe  omdaobv  by  (,  and  th«  •zterfor  wRh  Um  « 

VtOerj  ia  eztoosln^  and  the  iM^ity  powvfld,  gjwl  aMtak 
xeqniBita  to  aToid  recdnDg  its  ihock ;  an  »««M—it  wUA  al^ 
ba  Berioas  in  Itv  eoaatqameea. 

seB  'nMbattatyvaadbrTnlbw 

Willi   iho  B      " "  ■    ' 

('.'35.)  * 
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L{tiv^  and  ■  half  fast  to  Mifc  JwJ 
pwhcD  fully  eharga^  ita  txmwmk- 

^reii^Ublc     *  *""-*'-*"lTlhllla*M 
lon^  hsif  an  Inoh  wid^  Md  Mt- 

tvdlUi  of  HI  Inch  thlek,  wu  rendared  pawerfblly  magnotie  by  tk* 
dlMharge.  A  emsll  iroQ  wire,  twentj-five  feet  long,  ira*  deflanMcJ, 
and  TdiiooB  metalB  were  dinipated  and  rsi>ed  In  vapor,  -when  plu«d 
in  the  eircDJt  of  discharge.  A  book  of  300  pagw  waa  piorced  by  It, 
and  blocks  of  hard  wood,  fonr  incliM  sqaare,  split  lo  ftagmonta, 

948.  Dlacharge  in  caicade. — A  aeries  of  two  or  three  Leydn 
Jar6  may  be  pbu^  horiiontally  upon  insulating  stands,  so  that 
the  interior  of  each  succeeding  one  may  receive  the  spaik  fi«D 
the  outer  coatings  of  the  one  preceding. 

This  mode  of  ehsrging  cannot  be  carried  beyond  two  or  tbnc 
jars,  owing  to  the  accumulated  reustance  soon  Tltiating  tbe  renh. 
Bol  Mr.  Bogg9,  of  LondoD,  hai  very  ingeniously  contrlT-ed  an  else 
trie  battery,  the  jars  of  vhiah  ere  oWf;ed  t<^Uier,  bat  are  dis- 
charged consecutively.  Each  jar  ia  supported  in  a  horisontal  poai- 
Uon  on  a  vertical  spindla.  their  knobs,  while  being  chargad,  ptnadnc 
oatward,  like  tiie  radii  of  a  circle,  and  when  the  battery  is  to  be  dto- 
charged,  the  knDl>s,  by  a  quarter  revolution,  are  brought  OMnsita 
each  to  the  bottom  ofUie  next  jar.  Id  thia  way  the  disruptive  pow<r 
orintenutyof  thesparkis  multiplied  as  tha  jars,  the  qummHtf  rjtw.t-. 
lag  the  seme.  Mr.  Bogge  is  said  to  have  diaobarged  bia  batteiy  of 
twelve  jars  through  a  space  of  twelve  feet.  (SilL  Jour:  [i]  tii,  4ig.} 

B49.  Tha  diamond  Jar^-To  show  that  the  matinga  of  the  jar 
owvey  the  electridty  collected  on  the  glass  to  the  point  when  it 

M.  Where  i>  the  electricity  of  the  Leyden  jar  reaident  I  IIlDa. 

trate  it  Irom  Kg.  S67.     941.  What  is  the  electric  battery  t  How 

conatrueted  and  used  I     Describe  Von  Haram's  and  its  effeeta  MB. 
What  is  diaeltarge  in  eaacade  r    What  is  Bogga'  mode  t 
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mMts  tlu  CMiM  of  dischBrge,  ■  jarmt7  be  ontted,  like  fig.  C60,  with 

meUllic  filing  or  patches  (tf  Un-fbil,  cut  in  669 

lounges,  (a  duuaondjftT,)  the  wire  of  which  is 

bent  over  so  u  to  bring  the  ball  near  the  outer 

coating,  which  connects  bj  a  chain  with  the 

earth.     When  the  machine,  (on  whoee  arm 

this  jar  is  hung,)  is  worked,  a  brilliant  epark 

ia  seen  at  intorrals  to  dart  from   the  knob 

to  the  outer  coating,  and  thence  to  spread 

in  ligcag  couTBcaoTer  the  whole  surface. 

950.  Tba  witvttul  diadiaiger. — Various 
contriTaneea  are  in  use  for  regulating  or  ^ 
measuring  the  discharge  of  the  electric  fast* 
tery,  and  the  ungtejar.  Of  these,  Heola^'B  I 
uniiersal  discharger,  flg.  670,  ia,  perii^a,  ttie 
meet  usefiiL  By  means  of  this  simple  i^|m- 
ratus,  the  electrical  fluid  may  be  made  to  pass 
through  any  substance  placed  upon  the  table, 
L  Tvo  rods,  sliding  in  the  joints  a  a',  end 
in  balls,  e  s'  covering  points  which  can  be  ex- 
posed by  their  removsL  The  rod,  a',  connects  with  the  positire 
side  of  the  battery,  for  example,  while  by  the  discharging  rod, 
flg.  Sdl,  conununication  can  be  made  at  pleasure  between  a  and 
the  negative  side  of  the  battery,  by  a  cb^  or  metallic  thread. 

Ihe  charge  of  the  battery  biQ 

may  b«  preTcntad  ttom  pan-  i 
Ing  a  given  limit,  by  nMOg 
the  dUeharglng  eleotroni  tiers 
of  Lane  or  Cnthbertton,  i 
whleh  •  ball  isnutelaed  at  f 
■uch  a  dlitaiMe  from  the  die- 
charging  knob  of  the  battery, 
that  when  iw  «barge  reaches 
the    proper    teiuloD,    it  dla- — 
ohargBB  ItMlC 

A  beautiAil  illustration  of  Uie  slow  discharge  of  a  idiarged  jar 
is  seen  in  fig.  671,  where  a  charged  Leyden  Jar,  with  a  small  bell 
in  place  of  the  knob,  is  set  upon  a  board,  near  to  a  little  brass 
ball,  hung  from  a  silken  thread,  upon  a  wire,  carrying  a  second 
ball  in  connocti<m  with  the  earth  by  A  B.    The  effect  is,  that 

94S.  What  does  Ibe  diamond  jar  ifowt     SOft.  T>«»:rit>e  Ilrnley'e 


te  +  dadrid^  of  thejv  ■ttnoli  ths  Ittib  ImD,  lial^Bihi 
571  big  tlM  ImU,  the  ImD  k  1^*4 

nntO,  floBiog  fn  etniMtvia  to 
oOur  baD,  it  ii  dltlMtgad,  nd* 


U  nms  by  Am  alsetoiad  pMdalm 
Wl.    Vb*     il     lili    a|M  ^ 

the  two  ■ 

trioa  < 

Boaot  tinm 

odor  of  tho  i^nfc  ■>»  a 


MM  BMdiDm  Hl  Ml^ll  yMK 


Cie  ftnn,  ara^  laA  « 
lul— H5  of  Qie  discharging  Barftcea,  as  alao  mi  fta  fcfcMi  if 

dectridtf  on  the  conductor  Id  which  the  spark  origi 
the  Degatire  conductor  the  sparks  are  & 

Id  Kinerelej'a  thermotneter,  fig.  C7!,  tha  agitation  tcai  « 
of  the  air  foUovtngan  explosion  is  dearly  aaeii.  A  ptnlicni  of  wattr 
in  the  larger  reaeel.  vhitji  is  ur-tight,  coromiraicatM  fredljr  witk  ibt 
snail  open  taba,  attached  to  the  foot,  nnd  ending  in  ■  narrow  ^^ 
tube.  When  an  elcclrloal  discharge  takes  place  thrangh  the  ap^ 
ratns,  the  consequent  ezpanuon  of  the  air  violently  raiaea  tlie  oolMna 
in  the  smiiller  tub?,  bnt  after  the  commotion  ia  o*er,  the  flnid  gra- 
dnally  regains  its  original  level,  as  the  air  in  the  huger  *««aal  aook. 
Tie  lUctrieal  mortar  discharges  its  ball  bj  tlie  force  of  azpandad 
air,  at  the  moment  of  elaatried  discharge. 

The  electrical  ^g. — Id  a  vacunm,  the  spark  beconca  an 
OToidal  tuft  of  light,  uniting  the  conductors.  The  apparvtni, 
fig.  673,  ie  designed  t«  show  these  effects.  A  large  e|^-«haped 
glass  vessel  is  mounted  at  the  lower  sxtrcmitjr  with  a  stiqt-cocfc, 
for  attaching  it  to  the  sir-pump,  in  order  to  ranore  tbt 
whole  or  a  part  of  the  air,  or  to  replace  it  bj  T^qxv  of 
alcohol,  ether,  or  any  other  gas  not  acting  on  bnsa.  B7  tb« 
rod.  A,  connection  is  established  with  the  electric»l  ma- 
diine,  while  the  distance  between  Ibo  electrical  poles,  S  C, 
may  be  adjustMl  by  sliding  the  upper  rod  in  its  air-tight  socket 
This  t^paralus  is  called  the  electrical  or  philoGophical  egg.    The 

9B1.  What  is  said  of  tlic  electric  spark  1;  Deteribe  Kincnl«y*s 
themiMnetar.     How  is  tb«  spark  in  Taeuo  I    Deacribe  the  fig.  VH. 
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rarer  the  air  the  more  globaUr  becomes  the  aphen^  and  at  tbe 
eame    time  less  bril-  S?8 

liant  The  avr^al 
tube  is  only  a  modifi- 
cation of  the  suae  ap- 

Thls  apperatQS  it  alio 
naed  vtth  iplendid  ef. 
feet  with  Rahmkorff'i 
indeetton  coil  (Elec- 
tro Dfnamica.) 

963.    The  color  d 
the     electrioal   epark 
varies  with  the  nature 
and  density  of  the  gu- 
oous  medium  through 
which  it  passes.     Far- 
aday observed  that  ii 
air,   oxygen,   and  dry  1 
chlorohydric  acid  gas, 
the  spark  was  white, 
kwith    a  light    bluish 
shade,    cspocially     in 
air.    In  the  heavy  thunder-storms  common  in  an  American  sum- 
mer, the  lightof  a  powerful  flash  of  lightning  is  distinctly  purple, 
and  sometimes violeL     In  nitrogen  itiabluearpurple,andgiTe8 
a  remarkable  sound ;  in  hy-  674 

drogon  it  is  crimson,  and 
disappears  when  the  gas  is 
rarefied,  in  carbonic  acid  the 
color  is  green,  and  the  form 
of  spark  very  irregular;  in 
oiyd  of  carbon  it  is  sorao- 
times  green  and  sometimes 
red ;  In  chlorine  it  is  green.   , 

The  titUe  apparatne,  fig. 
(174, ia  well  aalcalalvd  to  *bow 
theK  FtTecta  by  contrail  at 
one  view.  The  three  tuba*, 
a  a'  a"  nre  renpeftivoiy  filled  with  variant  gaset  and  Maled.  Raeh  tube 
haitn-oiJiort  platioawirea.n  »,Mldsred  Into  itaddra,  through  whUh 
the  electric  apark  from  b  mntt  paia  on  Ita  way  to  the  groand  by  A 

0C2.  What  ii  the  color  of  the  apark  In  diCTereat  medial 


^r<J 


Tho  tuft  of    lii^t  fron  porittra  rtwifafailj  m  If 
more  beaatifli]  Uutn  that  fl 


^1^  more  beaatafli]  Uutn  tOM  fti 

^r      a  the  enda  of  two  pointt.     31 

I       T  cilygiTCBHiopfoiDgBhMfM 

I         I   thflM  diSerencw  are  modi 

\[        11    Buggeots  tbkt  they  *ra  dm 

&ciliw  with  whicb  msMiva 


^  the  oiik  of  two  pointa.  nna  wfaBa  poill^  itabi- 
,  cil7giTCBUop«oiDgBlHtfarU^t,na0rtindaglridi9 
Lglm  only  •  mwU  Xv,  %.  ST&.  b  nnOid  d^ 
'  thflM  diSerencw  are  modi  Ims  nnMii^l  Itaiv 
I  Buggeots  that  they  *ra  dne^  ddeOy,  to  ths  pa" 
&cili^  with  whicb  ntfgiiSTu  olwiU  hitj  cmh^n  b  ife^ 
Qiaa  podtiTfi,  u  coodoctrara,  nagatiTdT  diMgiw^  |bm  tkife  ^ 
dteuMitt  sooner  than  these  yiatxf^  ebarg^ 
964  BolBtfllaUintnbe  md  maglo  ■gneKa^-.  Jn^  aj^p^j^ 


of  electrical  apparatus  contains  these  familiar  pieca  of  ap^ 
ratus,  illustrative  of  tho  phenomena  of  the  electric  spark.  Tbi 
scintillating  tube,  fig.  6Tfl,  has  rows  of  l0Beng»«haped  jatcK 
""  of  tin  Ibn  pasted  on  ill 

interior,  usuaTly  in  «  q^. 
ral,  and  wh«a  held  by  tb> 
hand,  as  shown  in  the  fig- 
ure, the  electricity  fiaahM 
from  point  to  point  at  the 
same  apparent  instant, 
produdng  ■  most  agreea- 
ble effect 

IXl  wtagic  fm^tt  ara 
paoM  of  glanoD  which  ara 
iuterrtipied  stripa  aftiD  foil, 
cut  to  reprcMnt  aome  it- 
Hgn,  to  be  i]iai]«  vidtJ* 
only  when  a  spark  pwaea- 

Thoc  ■qoarc*  ■ '-* 

foot,  in 
with  Ui«  earth,  nnil 

DSn.  What  is  thv  dilToreiioe  belT«en  the  porilive  uiil  ne|!sti>'< 
sparkt  To  whathaa  thia  been  attributed  ?  >M.  What  aretbaawo- 
tiUUng  tube  and  magic  tquarcit 


the  bnll  of  th?  primf   conductor. 
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By  BcaiUrlBg  metallic  filiDgs  OT«r  a  Yandshed  sorfiioe  of  glass,  tli« 
same  effect  is  produced  as  upon  the  jar,  fig  669. 

955.  Sfiecta  of  the  eleotrio  diaoharge. — ^The  efifects  of  the 
electric  discharge  are  chiefly,  1st,  physiological ;  2d,  physical ;  8d, 
mechanical;  4th,  chemicaJ.  The  passage  of  the  electricities 
through  bodies,  is  sometimes  impeded  by  their  bad  conducting 
power,  or  by  want  of  proper  dimensions ;  and  in  either  case, 
a  powerful  electric  discharge  manifests  itself  in  one  of  those 
modes. 

956.  Phyiiologloal  •fEscts. — ^These  are  seen  in  the  shock  ex- 
perienced by  all  living  beings,  in  the  passage  of  electricity 
through  any  of  their  members.  Any  number  of  persons  joined 
hand  to  hand,  will  receive,  at  the  same  instant,  the  shock  of  an 
electric  battery.  Abbe  NoUet,  imparted  it  to  over  six  hundred  per- 
sons in  his  oonyent  at  one  time-— those  in  the  middle  of  the  chain 
being  little  less  affected  than  those  near  the  conductors. 

A  person  charged  on  the  insulating  stool,  feels  a  prickly  heal  and 
glow  of  the  skin,  resulting  in  perspiration.  Many  useful  applications 
have  been  been  devised  of  this  agent  in  medicine,  for  which,  consult 
Channing*s  medical  electricity.  It  needs  hardly  to  be  said,  that  the 
full  shock  of  a  powerful  battery  will  destroy  life  in  man.  Sparks, 
fifteen  or  eighteen  inches  long,  begin  to  be  unsafe,  if  from  large  sur- 
Caccs.  Small  animals,  as  birds,  are  easily  killed  by  a  moderate  dia- 
charge,  on  the  table  of  the  universal  discharger.     Fig.  970. 

957.  Xnflammatioii  of  combnstihlaa. — ^Although  no  sense  of 
heat  is  felt  when  the  knuckle  receives 
strong  sparks  ttom  an  active  machine, 
yet  the  smallest  spark  serves  to  in- 
flame ether,  whether  iirom  a  Leyden 
jar,  from  the  finger,  or  more  stikingly; 
f^om  an  icicle  held  in  the  fingers  of 
one  mounted  on  an  insulating  stooL 

The  ether  is  placed  in  a  metallic  cup,; 
and  the  spark  should  be  drawn  on  its' 
edge,  moist  with  ether.  Gunpowder 
placed  on  the  table  of  the  universal  diseharger,  over  the  painU  of 
the  rods,  a  a',  fig.  970,  is  simply  thrown  about,  without  being  fired  ; 
but  if  a  wet  string,  in  place  of  one  of  the  eoBdaeting  idrea,  forms 
part  of  the  connection,  its  retarding  power  is  such  as  to  fire  the 
powder.    The  lighting  of  gas  firom  the  finger  of  one  charged  by 

96A.  Ckssify  the  effects  of  the  eleetrieal  discharge.  966.  What 
are  its  ph  vdologioal  effecU  T  967.  What  is  said  of  the  inflammatinp  " 
combustibles  t 


nngugMkMipi^kMBlrMdybMBniMUaMa.(Mfl;0QL}  IfMf» 

dlmn,  •lookol,  t  nawlf  crtlBgnidwd  asDiSa^  a^  umbj  «tkw  ^d» 
tibiae  1*  alio  etdij  iJiflMnad  by  th*  wptA.  A  gaU  Inrf  w^M 
b«WMii  twa  gfaM  pbtM  with  tiie  adgM  kangi^  oal^  «ffl  bm  «i* 
tba «i^pladMi «f  th*  t^ui,  and  iTImU batwMB  aud^  wtn ^h H^ 
wllb  pupla  ozjd  itf  gdd.  SlhwirtU  likan^iM  rf  Jk—Uh  i 
tbaa  priidad:  a  pawMfiil«iimDt  fronabattaKjr  lanoodadftrttk 

SS8.  Union  of  tfanunta  aOaoUd bjr  alaiililiJij, ±  ^ztet 

of  hTdroBeo,  two  volume^  audofo^^m  ono  TolmM^  ««f^- 
dngcm,  withsevraaltimfaitsTtduineofoamiBonair,  boqloM 
bf  a  Eptit  passing  through  the  ""♦■■'i'"y  van^  m.ff,ihtit 
579  air-pist*^  caUod '  Tol-  K80 

fta'B  pistoVflS-'I7g,  is  ^^nk 

pTotidedvithanin.'^u-^g^^,  ^^^^t~s 

.latod  conductor,  ena-f^lLqJ^^ 
ing  new  a«  innar  .ur- JW^*1  ^SIL 
Its  mouth   is   dostd  ^j^^F 

tighly  bj  a  cork,  and  ^^p 

the  spark  caused  to  pass  by  holding  (f 

it  near  the  prime  conductor,  fig.  680,  |B 

or  to  the  elcctrophorus.     The  cork 
IB  then  viotcntlj  expelled,  hj  the  expansion  of  ateam,  with  &  lond 

950.  Tolta'B  oleottlcallaiiQi. — A  self-regulating  hydrogen  ap- 
C81  paratus  is  seen  in  fig.  561,  siinibr 

in  its  action  to  that  described  in 
(361.)  In  its  base  drawer  is  an  dee- 
trophorus,  r  P,  the  plate,  P,  of 
which  is  always  charged.  A  silk 
cord  connects  the  upper  plate,  P, 
with  the  gas  cock,  K,  ia  sudi  a 
way  that  when  the  gaa  in  7*  is 
drawn,  the  communication  is  af- 
fected at  o,  with  the  insulated  wire 
t',  and  the  clectridty  thus  finds  its 
wayjna  spark  between  the  but- 
tons at  0,  and  escapes  to  the  earth 
^  by  (.  As  the  hydrogen  is  Sowing 
I  at  that  mOToent  from  the  jet,  it  is 
b  inflamed,  and  kindles  •  little  candle 
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standing  in  its  path.  Eyery  time  the  oock,  JR,  is  moved,  the 
plate,  P,  rises,  and  compiunicates  a  spark.  With  care,  this  in- 
strument remains  in  action  for  weeks,  firom  a  single  excitement. 
960.  The  mechanical  effects  of  the  elaotrlcal  discharge. — Any 
thin  non-conducting  substance  placed  between  the  balls  of  the 
universal  discharger,  is  either  pierced  or  broken  where  the  fluid 
passes.  The  phenomena  attending  these  experiments  are  curious 
and  instructive  in  point  of  theory. 

GlmM8  i$  pierced  when  a  thin  piece  of  glaas,  v,  is  placed  in  the  posi- 
tion seen  in  fig.  682,  between  the  points  of  682 
the  conductors,  a  6,  a  small  hole  will  be 
made  through  the  glass,  as  if  with  a  drill, 
provided  the  effect  of  the  fluid  is  concen- 
trated by  placing  a  drop  of  oil  at  the  point 
to  be  pierced.  The  hole  is  circular,  starred, 
and  its  edges  smooth,  and  sometimes  it  re- 
mains filled  with  the  powdered  glass  in  fine 
dust,  easily  removed.  It  requires  a  power- 
ful battery  to  pierce  glass  one-twelfth  of  an 
inch  thick.                                                 • 

If  a  card  is  placed  in  the  path  of  the  fluid,  it  is  pierced  with  a 
raised  edge,  (burr,)  on  both  sides  of  the  hole.  Wlien  the  card  b 
placed  obliquely,  as  seen  in  fig.  683,  between  the  points,  a  e,  of  the 
insulating  holder,  the  hole  is  made  in  the  place  and  direction  seen  at 
o  in  tlie  section ;  that  is,  nearer  the  negative  pole,  its  683 

edges  being  raised,  or  thickened,  a  circumstance  due, 
probably  to  the  decomposition  of  the  neutral  fluid  in 
the  card,occa8ioning  a  rush  of  electricity  in  both  direc- 
tions. This  has  been  esteemed  a  fact  inexplicable,  on 
the  single  fluid  hypothesis,  while  ita  position,  always 
near  to  the  negative  pole,  indfcates  that  the  neg- 
ative fluid  passes  less  readily  through  the  air  than 
the  positive.  Many  other  axamples  of  the  fracture, 
or  dispersion  of  non-conducting  bodies,  may  be  gath- 
ered from  the  larger  treatises. 

001.  The  chemical  effects  of  statical  electricity 
arc  generally  feeble.  Besides  those  before  alluded  to,  (058,)  Wol- 
laston,  with  very  fine  points -of  gold  wire  immersed  in  water,  de- 
composed water  in  a  very  limited  manner.   A  paper  moistened  with 

iodid  or  bromid  of  potassium,  is  stained  brown  by  the  electrical 

^ 

960.  What  are  the  mechanical  effeots  of  the  electrical  discharge  T 
Illustrate  them  from  figa  682  and  683.  961.  Describe  ita  ehenueai 
effecta 


dlidiirge  wImi  U  k  Ud  iipon  llie  ■dntflbli^i 
OkAut  gM,  Bulplnirie  add,  dJcrohyAilp  «el^ 
trans  ozyd,  an  deoompoaed  hj  ihm  JutfalL 
aeparatioD  ii  ihidr  oonstitaait  riwrnanti^  atid 
oompoaed  into  orfgen,  and  ozjd  cT 
(ha  air  imita  under  a  prcdnngad  actka  d 
§om  nitrie  add,  (OaTenaah,)  and  QKhUa^  Ib  the 
iinna  the  aame  compoand,  aa  Aa  sn^faAa'af 

dioirn.  (Iid%)    Nomcroaa  oOier  eridenoea  df  Iha 
iscla  ef  dectridty  haTe  been  tamiWl  *  ^mm^^^j^  n^ 
pertant  of  theae^  ia  that  ateoqiherie  ellbet  oallad— 

WSL  OaonaL— This  tennia  doffed  from  flMQfM^lB 
to  the  peculiar  odor  whidi  la  ahrayaperoeivadaflaraB 
diadiazge  or  ezdtation  of  a  madrine^  and 
aonpared  to  the  odor  of  aolpfanr,  iHddi  it  doas  noi  dl 
It  la  dna  to  a  reoDarkable  atata  or  eonditka  fndooad  in  oin* 
gMbjekctikity,  (aadbyaefcralolfaercaaaaaalML)    lb: 
bein,  of  Baale,  has  devoted  himself  to  the  study  of  tlie 
properties  of  this  singular  product,  the  record  ii  which  bekmgi 
rather  to  chemistry  than  to  physics. 

Atmoipherie  EUetrieity. 

963.  Franklin's  kite.— We  owe  to  Dr.  Franklin  the  demoostia- 
tion  that  the  phenomena  of  a  thunder-storm  are  due  to  electn- 
city,  identical  with  that  ezdted  in  electrical  ezperimeDta.    He 
proposed  two  modes,  in  1749,  by  which  he  supposed  electridtj' 
might  be  drawn  from  the  clouds.    Dalibard,  at  his  suggestion, 
erected  in  the  open  air  near  Paris,  in  1752,  a  pointed  iron  lod^ 
40  feet  long,  and  insulated.    On  the  10th  of  May,  1752,  electikal 
sparks  were  obtained  from  this  rod,  with  the  usual  ffTwpping 
sound.     In  June  of  the  same  year,  Frfunklin,  tired  of  waiting  lor 
the  erection  of  a  tall  spire  in  Philadelphia  on  which  to  place  his 
pointed  conductor,  conceived  the  idea  of  reaching  the  higher  i^ 
gions  of  the  air  by  a  kite.     This  he  formed  of  a  silk  handker- 
chief stretched  over  two  light  cedar  sticks.    It  had  a  pointed  win 
at  top,  and  a  silken  cord  insulated  it  from  the  hempen  string,  at 
the  lower  end  of  which  he  tied  an  iron  key. 

Watching  the  approach  of  a  thunder  storm  he  raised  the  kite, 
and  soon  had  the  satisfaction  of  seeing  the  fibres  of  the  hempen 

962.  WhatitoioneT  968.  What  was  Franklin's  ezperimeiit  of  the 
kite  f  Give  the  dates  and  history.  What  is  said  farther  of  Rinium 
and  Richmaont 
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string  bristle  and  rq>el  each  othor,  and  finally  when  the  rain 
had  rendered  the  string  sufficiently  a  conductor,  he  enjoyed  the 
unspeakable  satisftction  of  seeing  long  electrical  sparks  dart  from 
the  iron  key.  Thus  was  realized  by  actual  experiment  one  of 
the  boldest  conceptions  and  most  interesting  discoveries  in  the 
history  of  science. 

Efforts  have  been  made  to  rob  Franklin  of  the  honor  of  this  dis- 
eoTery,  bat  H  is  one  thing  to  suggest  that  two  phenomena  may  be 
identical,  and  quite  another  thing  to  prove  it  DaUbard's  experi- 
ments were  undertaken  at  Fhuikiin's  suggestions  and  hardly  pre- 
ceded his  own  in  date. 

These  experiments  were  everywhere  repeated,  and  it  soon  became 
evident  that  they  were  far  from  being  free  from  danger.  Ronuts,  in 
Jane,  1768,  daring  a  thunder  storm  in  France,  drew  flashes  of  elec- 
trical fire  ten  feet  long,  from  a  kite  raised  by  a  string  660  feet  long. 
The  experiment  was  accompanied  by  every  evidence  of  intense  elec- 
trical tension  in  the  attraction  of  straws,  the  sensation  of  spiders  webs 
over  the  faces  of  the  spectators,  and  in  the  loud  reports  and  roaring 
sounds,  similar  to  the  noise  of  a  large  bellowa  In  August,  1768, 
Prof  Richmann,  of  St  Petersburgh,  lost  his  life  while  engaged  in  sim- 
ilar experiments.  Cavallo,  in  1777,  in  London,  obtained  enormous 
quantities  of  atmospheric  electricity  by  an  electrical  kite,  and  no- 
ticed that  it  frequently  changed  its  character  as  the  kite  passed 
through  different  layers  of  the  air.  In  telegraph  offices  during  a 
thunder  storm,  vivid  sparks,  often  very  inconvenient  and  not  with- 
out danger,  are  constantly  flowing  from  the  receiving  instruments, 
being  induced  on  the  telegraph  wires  from  the  atmosphere,  during 
thunder  storms.    (Henry,  Sill  Jour.  [2]  iii,  26,) 

964.  Free  aleotriotty  in  the  atmosphartti — That  the  atmos- 
phere, besides  the  combined  electricity  proper  to  it,  contains  also 
at  all  times  free  electricity,  is  proved  by  raising  an  insulated 
conductor  a  few  feet  into  the  air,  as  by  a  long  fishing  rod,  and 
connecting  it  with  the  condenser  of  the  electrometer,  the  leaves 
of  which  will  diverge  sensibly  when  there  is  no  sign  of  any  thun- 
der storm.  Near  the  earth,  (say  within  three  or  four  feet,)  no 
evidence  of  free  electricity  can  be  detected,  and  as  we  rise  in  the 
air,  its  force  constantly  increases.  Becquerel  and  Breschet,  sent 
up  arrows,  attached  to  a  tinsel  cord  ninety  yards  long,  from  th^ 
top  of  the  great  St  Bernard,  while  the  other  end  was  connected 


What  of  the  telcsrrapht    964    What  is  said  of  free  atmospherto 
electricity  I    Uow  does  height  aifeet  its  developement  1 

26* 
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withtheoQiidaiiflerof  ■ndeotomate;  tfM^iiandtti4te|rii 
IMpVM  divorged  in  pn^porUon  m  tbe  anrqiir 

This  pheaomeDon  is  most  atriking  dmliig  Aigi 
weather,  wheo  no  lightning  is  oommoi^j 
land,  had  orer  a  mile  of  inanlated  wine 
hundred  feet  hig^  abore  the  tall  trees  df  his  pnd^ 
pointed  oondnctofa  with  his  labontoiy,  whss*  ha  has 
ooDacted,  daring  a  heavy  fi>g^  dectrklfj  snaiqgh  ^ 
ditfabarge  a  battery  of  fifty  Jara^  and  aeventtf-tima 
eoated  siirftce,  twenty  times  in  a  minute^  with  a 
as  thiat  of  a  cannon. 


npofiaaW 


It  appears  from  eiperimenta  Bke  these  and 
hy  Bonald'e,  of  Kew,  that  the  atsMspheils  eisoMeilj 
.deereasoe  ddly,  twice  In  twenty-firar  hmxn^  and  tkm  frilf  8«g| 
nl  raeiittB  are  established. 

1st  The  eleetrieity  of  theair  is  always poaltlT^— £§  fbOsiasfci^M^ 
'— inereaiM  after sonrlse^—diminidMS  towards  noopj  .fcnig^^  ^^ 
towards  sanset^  and  then  deereasss  towards  ni^^ii^  after  wUeh  it 
again  inereasea. 

2d.  The  eleotrical  etate  of  the  apparatus  is  diatorbed  by  ton,  nin, 
hail,  sleet  or  enow.  It  is  negative  when  these  approach  and  thea 
changes  frequently  to  positive,  with  subsequent  conUnned  cheaM 
every  three  or  four  minutes. 

Zd,  Clouds  also,  as  they  approach,  difttarb  the  appanitos  in  a  dm- 
ilar  way,  and  produce  sparks  from  the  insulated  conductor  in  npid 
Buccession,  so  that  an  explosive  stream  of  electricity  roahes  to  tht 
receiving  pole,  which  should  be  passed  off  to  the  earth.  Simikrij 
powerful  effectB  frcqently  attend  a  driving  fog  and  heary  raio. 

The  subject  of  atmospheric  electricity,  especimlly  Uie  descrip- 
tion of  electric  meteors,  is  more  properly  referred  to  meteorologr. 


DYN^VMICAL  ELECTRICITY. 


GALVANISM  OB  TOLTAISM. 


965.  Discovery  of  galvanism. — In  1786,  Luigi  Galrani,  pro- 
fessor of  anatomy  in  the  University  of  Bologmi,  while  engaged 


upon  a  long  series  of  observations  on  the  effects  of 
electricity  upon  animal  organisms,  noticed  that  the  legs  of  some 
frogs,  prepared  for  experiments,  became  convulsed,  although  dead 
and  mutilated — ^when  the  vertebrse,  with  portions  of  the  lumbar 

What  were  Crosse's  experiments  1    What  general  result*  follow  f 
965.  Give  the  history  of  Galvlui's  discovery. 


DiscoTBsr  or  oalvanibx. 
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nerrefi,  were  pressed  agaiimt  the  iron  nuling  of  the  window  bal- 
cony where  thej  were  placed,  awaitmg  the  use  for  which  they 
had  been  designed.    Repeadng  this  novel  and  carious  observa- 
tion in  various  ways,  he  soon  found  that  684 
the  convulsions  were  strongest  when  he 
made  connection  by  means  of  two  metals 
between  the  lumbar  nerves,  and  the  exte- 
rior muscles  denuded  of  the  skin,  as  shown 
in  fig.  584,  where  rods  of  copper  and  zinc, 
being  thus  held,  convulse  the  leg  into  the 
position  shown  by  the  dotted  line. 

To  repeat  Galvini's  experiment,  strip  the  Bkin 
from  the  legs  of  a  vigorous  frog,  and  eat  the 
animal  in  two,  an  inch  aboTe  the  thigha  Ex- 
pose the  lumbar  nerves  within  and  on  either  side  of  the  back  bone,  by 
poshing  aside  the  mnsdea  with  the  finger,  so  that  the  point  of  an  are 
of  the  two  metals  may  touch  the  nerves ;  then  bring  the  other  metal 
rod  into  contact  with  any  portion  of  the  outer  surface,  and  strong 
twitchings  will  be  developed  as  if  the  animal  was  alive,  both  on 
touching  and  removing  the  rod,  even  some  hours  after  death. 

Upon  this  fundamental  observation  a  new  science  has  grown  up, 
that  of  dynmmie  elecirieiiy,  or  gaivanitm.  It  is  true,  Galvani,  who 
was  an  anatomist  and  phynologist^  and  not  a  chemist  or  physicist, 
did  not  work  out  all  the  teachings  of  his  own  discovery,  being  more 
Interested  in  demonstrating,  as  he  did,  the  existence  of  a  true  ani- 
mal electricity,  developed  between  the  outer  surface  and  the  nerves^ 
while  he  left  to  others,  and  chiefly  to  Volta,  the  physical  branch  of 
the  subject,  devoting  the  few  remaining  years  of  his  life  to  the 
study  of  animal  electricity,  never  Indeed  accepting  Volta's  doctrines ; 
and  dying  In  1798,  before  his  pile  was  given  to  the  world.  In  this  de- 
partment of  vital  electricity,  his  labors  have  been  justly  appreciated 
only  in  our  time,  having  been  naturally  eclipsed  In  his  own  by  the 
splendid  discovery  of  the  voltaic  pile,  and  the  crowd  of  wonders  fol- 
lowing in  Its  train. 

Galvani  regarded  the  convulsions  of  the  frog  as  excited  by  a 
nervous  or  vital  fluid,  (ike  galvanie  ftmid,)  which  passed  from  the 
nerves  to  the  museles  by  way  of  the  exterior  communication  estab- 
lished between  them :  this  fluid.  In  his  view,  existed  in  the  nerves,  it 
traversed  the  metallic  arc,  and  falling  on  the  muscles,  it  contracted 
them,  like  tlie  electric  discliarge. 

Tlie  story  usually  found  in  text  books,  of  the  accidental  discoveryi 

How  is  his  experiments  repeated  t    Compare  what  is  said  of  Volta 
and  Galvani     What  was  Galvani's  vital  fluid  T    Give  other  '    ' 
in  this  history. 
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(or  tbe  TtfiMt  of  Mail«in«  G^Tftni,  »  k  fjtbricAtioa  of  AI>Vj\  H 
lUliu  writer  f-f  bo  repute  Galisiu  had  then  b««a  fbr  elc*c>)4  ' 
ca^a^  npOB  a  laliarioiu  Mries  of  ele<r(ro-phjHologi«aI  iiijiumJ  j 

eTcrdUfoT^tvJ^acninii.  Ttm  of  laboriom^r— pft,  fc^  j , ,  yaJ  1 
tbe  va;  u>  tliia di9cov«i7.  ttisoBiloDLtedty  trna  Uud  TbatwafattJ 
often  niDre  importast  than  vbal  ii>«aee^  bot  it  is  i  iwiiaiiti— Jaj^ 
aeddent  vhich  nmket  ths  Sixoxetj,  Ercrj  b jpvlheau  a  good  vM^  | 
b«u»&uit  inilucuvrr;:  but  to  a<c«|>(  the  dtsoorer^  ari  i^MtAil| 

higbect  pbiloaopU/,  and  u  llie  [-tcalwr  atCribat*   of  tl>«  giMIrt ' 

»[i6.  Origin  of  VoIU's  discovMy.— Adopting  Kt  tbe  ootMt  wM 
the  greatest  ealbusiami  the  vittlist  bypotfacsis  olTGKlnBL  Valh  ' 
oune.  ftlter  no  long  time,  to  the  conTJctioo  thu  Um  riaotri^tf  j 
f«cts  attributed  by  Galvoni  to  the  aniniBl  electricilT  of  lh*ft«^ 
were  really  due  to  (ft*  toatoft  qfdUnmilar  ruS*tttHtt»,  aad  IM' 
the  frogs  limbs  were  only  the  eensitive  electroscope,  adapted  to  m- 
dicate  the  electrical  current  developed  by  the  two  unlike  meOk- 
Thus  originated  his  ceiebrattd  '  contatt  theory  ;'  a  n'ewef  tfet 
source  of  dj-namie  electricity,  that  long  lield  oliuoist  uni veisfti  $■» 
orer  scientific  opinion  until  gradually  supplanted   by  tbe  «&«*» 
eAtffnieciZ  theory,  which  refers  the  phenomcoA  to  efaemiod  -■■*'m 
By  Ibc  u««  of  liii  condeaung  electTDiaeter,  (944,)  Volt*  Ml^htlf 
etlabliiib  tlic  caDt«ct  tlicury  by  a  great  number  of  TeU-dcsiMd  ^ 
periDMHte.     Being  asjured  of   the  pauive  state  of  the  ^tcUmoHmt 
he  sttalilislied  oouimimication  between  tbe  earth  and  Ui«  nTiur  pbM 
by  the  moistened  Sogers,  while  at  the  aiune  time  a  bit  ttt  lioe  plaM 
held  alM  in  the  moietened  Gogera  of  the  other  hand  la  pla<>ed  ia  nrn 
Uct  with  the  lower  plat* ;  afler  aungle  iuatant, contact  ia  broken,  aad 
on  rufiing  the  upper  plate,  the  gold  leaves  diverge     Whenec  th* 
electricity  1     Volta  replied,  '  from  the  contact  of  the  two  unlike  tab* 
•tanee*,'  overlouliing  Uic  fact  llmt  there  waa  a  chemical   action,  dw 
to  the  affect  of  the  moist  &agtn  on  the  line     Ai  the  pUlo  touchad 
by  tbe  cino  became  positive,  and  the  coi.,>er  negatiTo,  he  awonuj 
that  there  was  an  '  tUctmnuttiiit  ]»ta'  capable  of  developing  Um* 
electrical  state*  io  the  two  metuld  lu  a  result  of  timpU  eonlaeL     ThM 
eiporioicnt  was  repeated  with  eonduotora  of  every  »orl,  and  alvaya. 

What  i»  Mid  of  diwovery  bj  accideot  1  966.  What  wa«  Volla'a 
hypotliMiE  I  Uow  did  Volla  seek  to  eatablioh  the  contact  tbeoryl 
Whence  did  h«  derive  lite  electricity  1     Uow  did  Ite  cU^fr  eon' 

duetors  I 
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wb«n  one  of  thorn  wm  mi  alterable  sabetanoe,  with  the  same  resQlta 
He  divided  eondneting  bodiee  into  two  elaMOB ;  the  first  elaas,  in- 
eladiog  the  metals,  metallie  ores  and  carbon,  he  ealla  electrometers  ; 
the  second  class  contains  liquids,  saline  solutions,  animal  tissues^ 
dec.  He  found  that  a  double  combination  of  three  elements,  so  ar- 
ranged that  their  order  was  rerersed,  neutralized  eaoh  other,  and 
produced  no  spasm  in  the  frogs  legs,  which  he  uniformly  used  as  an 
electroscope.  This  was  in  1796,  four  years  in  advance  of  the  date 
usually  assigned  as  that  of  the  invention  of  the  pile. 

Passing  over  the  long  eontroversy  between  Yolta  and  his  cotempo- 
raries,  we  come  to  the  essential  ftindamental  fact  of  Yolta's  discovery, 
via :  that  certain  metali,  and  parHeiUarly  the  oxyduMe  totals,  dieen- 
gage  eleetricUg  and  charge  the  eondenter,  when  placed  in  the  condUume 
juet  deecribed 

This  discovery  immediately  led  to  the  second,  and  by  fiur  the 
most  celebrated  of  Yolta's  discoveries,  viz.,  the  toltaie  pile^  or 
battery, 

007.  VoltaHi  ptae,  or  tlM  woltaio  battery^ — ^Evory  form  of  ap- 
paratus designed  to  produce  a  current  of  dynamic  electricity  is 
called  a  battery  or  pile,  Yolta*s  original  apparatus  was,  as  its 
name  implies,  a  pile  of  alternate  silver  and  zinc  discs,  laid  up  as 
in  fig.  585,  with  discs  of  paper  or  cloth  between  them,  moistened 
with  brine,  or  acid  water.  This  arrangement  was  more  commonly 
made  with  alternate  discs  of  copper,  (0,)  and  zinc,  (Z,)  care  being 
taken  always  to  observe  the  order,  copper— cloth — zinc.  The 
terminal  discs  were  provided  with  oars  for  the  convenient  at- 
tachment of  wires.  Thus  arranged,  the  following  character- 
istic results  are  observed.  1st  The  pile  being  insulated  by 
glass  or  resin,  touch  s  with  the  plate  of  the  condenser,  (cov- 
ered with  silk,)  while  the  finger  rests  on  ^  and  then  i4>ply  the 
plate  to  the  condenser ;  the  gold  leaves  will  indicate  strong  vit- 
reous electricity.  2d.  Reverse  this  order,  touching  e  with  the 
plate  while  the  finger  is  on  f ,  and  a  strong  charge  of  resinous 
electricity  is  received. 

The  pile  may  be  regarded  as  a  Ley  den  Jar,  or  electrical  battery, 
perpetually  charged,  and  capable  of  re-charging  itself  as  long 
as  tiie  given  conditions  are  maintained. 

These  results  may  be  repeated  an  indefinite  number  of  times, 

What  is  the  essential  fact  of  Volta*s  discovery  t  To  what  did 
this  lead  1    967.  What  is  a  pile  or  battery  T    Describe  YolU*s  plU 


as  long  u  the  cloths  remun  mi^at.  and  the  int«nEil^  ei  tht  4t 

Uon  is  directly  m  the  number  of  plates  in  the  pile.  4 

Each  touclung  couplet  of  copper  and  line  msj  be  soMtftd  Ulfftf 

585  eruiiItslhen(saedaMr^lc,^«M>,«ri»t 

(oir  tlfment.     Aaj  two  ni«tak  of  uAt 

properties  may   b«    sulwUtutad  fer  Ifti 

line  and  c<^^mt,  with  the  WM  na^jj 

The  end  of  the   pile  vhic^  jiilihjj 

reou£ electricity  is  called  its  jumlmifM 

and  that  which  jields  nsinatM  dMbiifc 

ly  is  called  the  neyalitt  poU  ;    a  OOM 

also  applied  to  the  wires  or  ooodnetHi 

connecttDg  the  two  poles. 

Arranged  as  to  &g.  SS5,  tbepUe.  wb« 
its  poles  are  jtuned,  gires  a  decided  ■htrk, 
similar  to.  but  less  intexiGe,  ttun  tM 
from  statical  dectricity ;  and  on  bnakim 
contact  between  the  poles,  a  hrillbal 
Epark  of  roll^c  electricity  is  seen ;  aoi! 
i  lastly,  if  these  wires  end  in  poinU  <d 
gold  or  platina,  and  areinserted  in  water, 
a  flow  of  gas  bubbles  from  tbem,  aaooiiD- 
ces  the  decomposition  of  the  water ;  ibia 
grouping  the  clasHification  of  the  eflectt 
of  the  pile  into  fhyiolnffieal,  pifncal, 
and  ehetuical  phenomena. 

The  ditcovcrj  of  Ihe  pile,  Tolta  aaaim- 
pcd  in  Mari-h,  ISCKi,  lo  Sir  Jue^ph  Iteaka, 
boUi  in  tlu!  f.ii 111  just  itt-^<^riht^  aiid«l«ti* 
crown  of  cnpe.  (Conronaa  d«a  taaaeaj  a  m- 
rlw  of  twait7  gl^goblets  amtngtd  in  a  oirole,  with  wfrea  oomxttt^ 
lug  Um  +  and  —  dement*  of  each  oap  to  the  oppoote*  of  tha  Mtxt 
Thli  is  Uie  type  of  all  mod«nL  batteri«*  with  aeparata  odk  Ha 
olaaiiflea  Ita  ^eota,  bat  makw  no  meDtlon  of  ite  power  of  nhwalMl 
deeompoeitloD.  TliiaI»atpowerwaaimmediat«l]pdUeoT«r«dti;inik> 
dion  and  Caribla,  in  London,  on  the  2d  of  Haj,  IBOOi 

Adde  from  Yolta'a  theoretled  notioni,  hiitory  will  eTer  a«tig«  M^f 

What  effects  are  noticed  by  the  eondenMil  How  ii  Uie  pU«  to  b« 
regarded!  Bxplaia  the  temu  eonple — Voltaic  dement — aod  polea 
How  are  the  eaeoti  of  the  pile  olaa^fled !     Wh«a  and  how  did  ba 


whent    WhrtitiOdorTdtel 
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a  high  pl«ee  m  a  philoaopher,  and  as  haTing  by  hia  g«iiiiifi  blaesad 
the  world  by  one  of  th«  greateft  and  most  fhiitful  disoovsries  in 
Boienee. 

968.  Quantity  and  intanalty. — ^Thore  is  a  very  marked  differ- 
ence between  the  tension  of  the  electricity  of  the  Voltaic  pile, 
and  that  of  fHction.  No  sensation  follows  the  touch  of  either 
pole  of  a  Voltaic  battery  alone :  both  poles  must  be  touched  simul- 
taneously in  order  to  perceive  the  shock.  The  projectile  force, 
in  voltaic  electricity  is  so  nearly  null,  that  in  the  most  energetic  and 
extensive  series  of  cells,  the  terminal  points  must  be  brought  in- 
definitely near,  or  into  actual  contact,  before  any  current  is  estab- 
lished. The  intensity  of  the  battery  is  however  increased  by  re- 
duplicating the  number  of  couples  of  a  given  siie,  while  the 
quantity  remains  unchanged.  The  quantity  of  electricity  set  in 
motion  in  the  Voltaic  battery  depends  not  on  the  number  of  the 
series,  but  entirely  on  the  extent  of  $ur/ctee  brought  into  action 
in  each  pair,  and  idso  upon  the  conducting  power  of  the  interposed 
liquid. 

969.  Simple  Voltalo  ooafiiB, — Whenever  two  unlike  sub- 
stances, moistened  by,  or  immersed  in,  an  add  or  saline  fluid  are 
brought  into  contact,  a  Voltaic  circuit  is  established.  The  earli- 
est recorded  observation  on  this  subject,  (Sulzer's,)  was  the  &- 
miliar  experiment  of  a  silver  and  copper  coin,  or  bit  of  zinc, 
placed  on  the  opposite  sides  of  the  tongue,  and  the  edges  brought 
together,  when  a  sharp,  prickly  sensation  and  twinge  is  felt,  and 
if  the  eyes  are  closed,  a  mild  flash  of  light  is  also  seen.  In  this 
case,  the  saliva  is  the  saline  fluid,  exciting  a  Voltaic  current  due 
to  its  chemical  effect  on  the  zinc  or  copper,  and  the  nerves  of  sense 
are  the  eletroscope.  The  action  depends  on  contact,  and  cesses  as 
often  as  this  is  broken. 

In  fig.  686,  we  have  the  simplest  form  of  Voltaic  586 

battery,  a  slip  of  amalgamated  lino,  Z,  and  another 
of  copper,  C,  immersed  in  a  glass  of  water,  acidu- 
lated by  salphurio  acid.  When  these  strips  toach, 
(either  within  or  without  the  fluid,)  an  electrical  car> 
rent  sets  up,  passing  firom  the  line  to  the  copper  in 
the  fluid,  and  from  the  copper  to  the  dnc  in  the  air 
as  shown  by  the  arrowa  The  polarity  of  the  ends  in 
the  air  is  the  reverse  of  that  in  the  acid,  as  shown  by 
the  signs  plus  and  minus.    This  is  in  analogy  to  the  deoomposi- 

968.  What  is  said  of  the  tension  of  the  Voltaic  pile  T  What  of  its 
projecUle  force  7  What  of  onantity  and  intensity  f  969.  What  is 
eMcntlal  to  a  Voltaic  circuit  i    What  was  the  first  observation  f 


re  lo  vbttercr  ctCher  ckoMOt  h  saj  be 
m  tliebst  secdoo,  die  other 
vhen  it 
wikkfa  acts  upon  evcrj  cdier,  and  k  ttiaciBre  the  tjpt 
id  dectro-oefstiTe  sabotanecs ;  gold,  phtmnm,  and  silver, 
aaong  tlie  least  easilj  ozyifiaed 
soibstaooes  to  all  others  mofe  easQ j  acted  oo  thaa 
and  therefore  are  fit  sabstaoeea  iir  the  negaiite  ■Iritiint  of  vel- 
taie  eoiqiks.  In  rhfiniol  voricii  tables  will  be  feond  in  which 
an  the  elements  are  grouped  in  tins  rdaliTe  osdar  of 
itire  and  dectro-negatire  power. 

971.  AialgaiatioB. '  Commercial  line  is  nersr  pun^  and  dM 
Ibreign  sabstanoes  which  it  contahis,  (cariMSi.  iron,  ^i^^ii^;^,^ 
ke,)  are  sndi  as  to  stand  in  an  electro-negative  lelatioii  to  the 
xincL  A  slip  of  common  rolled  zinc,  inmieiBedin  dUnle  stdphnrie 
add,  is  activdlj  corroded  with  the  escape  of  abundanee  of  hj- 
drogen,  while  If  a  strip  of  chemicalljr  pore  sine  was  nsod,  no  ac> 
lion  woold  h^ypen.  (De  U  Rire.)  This  action  of  ^nw^-^Mi  «ii*r 
is  called  a  local  aetidm^  implying  the  ^Tiirt*«*^  of  as  many  small 
local  Tohaic  circuits  as  there  are  particles  of  foreign  electio-neg- 


Cinbia  the  ample  voltaic  dreoit  from  fig.  5M.  Give  the  polar* 
him  Li  and  out  of  the  fimd.  What  d«tenninet  the  directioo  of  th« 
corrcntl  Wid  Biplain  the  me  of  the  terait  eleetio-poritiTe  eeJ 
elff try  negative    9TL  How  ie  eoamioretal  dne  affected  by  adda  I 


TsouGB  BATnnna.  617 

ative  substances  on  its  lurikoe ;  eadi  of  which  constitutes,  with 
the  contiguous  partides  of  sino»  a  minute  battery,  and  thus  the 
whole  surflice  is  presently  corroded  and  roughened,  and  the 
power  of  the  whole  couple  reduced  just  in  proportion  to  the  ex- 
tent of  this  local  action. 

Rub  the  freshly  corroded  surface  of  ^uch  a  piece  of  commercial 
zinc  with  a  little  mercury,  when  instantly  it  combines  with  and 
brightens  the  whole  soHkce,  covering  it  with  a  uniform  coating  of 
Mine  awulgam.  This  perfectly  protects  the  line  from  local  action  by 
coTering  np  the  electro-negative  points,  and  makes  the  whole  sorfaoe 
of  one  electrical  name.  Zinc,  thus  atudgmnated,  may  be  left  indefi. 
nitely  long  in  acid  water,  without  injury,  and  when  brought  in  con- 
tact with  the  electro-negatiTe  element  of  a  Voltaic  couple,  it  beoomes 
a  much  more  energetic  source  of  electricity  than  before. 

The  discovery  of  this  property,  (due  to  Mr.  Kempt,;  Is  hardly  lees 
important  than  the  discovery  of  the  batter/,  for  without  it,  sustained 
and  manageable  batteries  are  impossible. 

BATTERIBS  WITH  ONI  FLUID. 

072.  Voltalo  batteclM  are  constructed  for  use  either  with  one 
or  with  two  fluids. 

Ihe  first  embraces  the  original  crown  of  cups,  (067,)  and  all  batte- 
ries with  one  fluid  and  a  single  cell  The  batteries  with  two  fluids 
and  two  cells,  of  whatever  name,  involve  a  double  chemical  decom- 
position, and  are,  hence,  more  complicated,  but  also  generally  more 
efficient ;  we  will  consider  these  separately,  remarking,  that  the  inter- 
est attached  to  the  first  dass,  with  a  single  exception,  b  now  chiefly 
historical. 

078.  T^rou|^  batlafl«k — ^The  inconvenience  of  Volta's  original 
form  of  the  pile,  fig.  684,  led  to  placing  the  elements  in  a  trough, 
as  seen   in  fig.  687,  called,  fix>m  the  hiventor,  Oruickshank's 

troughs.  Each  compound 587^ 

couple  of  sine  and  copper 
was  cemented  water  tight 

into  a  groove,  ail  the  zincs       

fiwring   in   one   direction.      The    filling   of  these   cells   with 
dilute  acid  was  a    tedious   operation,  with  extended   series. 


6OT 


Is  Dure  zinc  affected  1  Why  this  difference  t  How  is  sine  simalga- 
mated,  and  why  T  972.  How  are  batteries  clashed  f  978.  Describe 
the  trough  batteries^  fig.  687  and  688. 


■  ^  Acs  mra  not  aaMlgKni»ted, 
"■  «BK^cnt beiu*  it  oould  be  flUcd. 

i  the  trough  by  alt«ching  _ 

l»B  *  •  ■  m,  M  in  fig.  588,  »ad  Dr.  WoltotoB 
7,  t,  with  the  copper,   on   both  siika,  Ihw 

B8S  the  cScNrtire  euibce.    1W 

arrange.1,    tbe    whok  «»• 

could  b«  plunged  It  on  BNfr 

*  ni«ol    into  gl^  cal 

*  into  a  poroelain 

divided    into   orlb.     it  «« 

^witb  n  series  of  30O0  cwarls 

0  aiTMiged,  evdi  plate  ta»- 

^iB  rifctff*  aaftM  of  twcntf-tMTo  squam  incfa<«,  that  Dan, 
fe  160(4;  wad*  «  setiM  of  experitneots  remai^Ue  in  dw  UMT 
if  Miiatii.  TVs  batlcny  wu  placed  in  tfa«  T«ii]ts  nsdv  da 
1^«I  TartitatJBe.  nbcR  its  hjdrogen  and  add  T»ptm  W  ■* 
VMi^  ttiv  i>ip<rimtcit«r.  tnd  its  power  was  ted  up  hf  'imlw*** 
l»  tlH  kbontorr. 

Bmn\  •— hr»««ir *wt^rt«fl  of twMty  platoa  «aA,  ofeoppavl 
asr.a:MM«B  ia.-)Ma  (qniuv,  aad  ao  coMtTnetad  in  aooliical  bnMl* 
tww  t«l  Isvbr^  dcmcati  alSltja^oazt  feet  each,  ortvohaaM 
■^«aiv  Km*  of  MtiT«  mr&ee  ia  both  moBbet^  all  ylai^ni  by  iW 

TV  <ti>unl»i  ofDr.  HaKa*er^laaIl7oo«Mtrnet«d'« 
«f  iftek  «f  Mffer  aad  liae.  nIM  vith  a 
thMK.  aatl  thr  ttfoaiBf  actak  hMftmao 
BKhaamaV'X  C'.aadraditaTipwM'*  x 
«<  ife  M*  «a« oppaaed  u  the copp«r  ■nriaae  ;  cigfatj  of  thawaA 
■mm*  ■►aiiaa^i  lea  banof  wood aa to pta^a bj  aK^wy  ^^far 
JwaiMW^awqfcdaraoortaiaiagthaand.  The  faeOity  •<  ^m» 
«w«aalnM»ni«f  thMcaoibiaaoataetaf  iha  airid  liqniw,^ia« 
■m*'^  4«AifnMTC  aa  BBch  taperior  to  tba  aari^  troack  battai*  M 
~H«ft««CiUiaraMipari«rtoHBrtfa     ' ij   ifliitMl 


Mifaaicd.  tar  rnttiT*  Mt   an  azla  baring  aaother  box  plaeed  at 
l%hl  aaglw  to  Ae  tnt.  k  that  a  qoarter  rerdntioB  of  the  appan- 

ti^  tanid  oa  or  off  th«  exdUng  acid  ai  plaanre,  withont  daraa^^ 

A  taMWT  eoaaliMtcd  for  ProC  Sflfimaa,  Id  Boatoa,  ia  ]S3«.  «■  Iha 
WliatareHan'a  MbgralMtl 


VtethMlarDavyibaltaiTl    ' 

•nil  lawto^iJiiii  ii'iiiiiiiiT  I 
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plan  of  WolUitoii  ^bdHir«e«nil>iiud,ac»UliMd  nin*  hnndrad«on- 
plei  ot  oopptr  and  one  (10"  x  4"  each)  txpodng  fiT«  hundred  and 
ail  aqvare  feat  of  availabig  nir&ce,  amogcd  in  twalve  parallel  ae- 
riea,  capable  of  being  naed  oonaeontjrely  as  nine  hundred  coaplw,  or 
in  tliree  >eriea  of  tliree  hundred  eaoh.  One  plunge  tounaned  the 
whole  battery,  and  when  new,  the  arch  of  flame  between  Its  poles 
mcaaored  over  Ai  incbea. 

Hr.  Croeae,  and  alao  Ur.  Oauiot,  have  oonatnioted  very  extended 
««riei  of  trough  batteriea  fi>r  pbfriolo^cal  ezperimenti;  the 
former  had  twenty-fonr  hundred  pain  of  platei,  the  eella  well  ia- 
aolated ;  the  latter  pat  np  three  thonaand  five  bnndred  and  twenty 
oylinddeal  pain,  placed  in  cells  of  vamiihed  glass,  and  inenlated  by 
glass  pitlan  varnished.  The  batteriea  ware  excited  by  watsr  only. 
Except  for  the  pnrposes  of  low  intensity  and  long  eontlnned  aetion, 
batteriea  of  (hisdeacription  are  now  no  longer  eonstructad 

Hie  want  of  sustained  and  regular  action  in  all  batteriea  «f  the 
original  form,  baa  led  to  the  eontriTanee  of  other  and  mora  scientifio 
batteries ;  some  of  the  most  valuable  of  which  we  will  now  desaribe. 

974.  Smaa's  battmy  is  formed  of  amalgamaticiiacand  silver, 
and  needs  but  one  cell  and  one  fluid  to  excite  it.  The  silver 
plate,  S,  fig.  660,  is  prepared  by  wasliiDg  in  nitric  acid  to  roughen 
it,  and  then  coating  iia  surbce  with  platinum,  thrown  down  on 
it  by  a  voltaic  current,  in  that  atato  of  fine  di-  669 

vision,  kuowQ  as  platinum-black.  Thb  is 
to  prevent  the  adhesion  of  the  liberated  hy- 
drogen to  the  polished  silver.  Any  suriace  of  ^ 
polished  metal  retains  a  film  of  gas  with  singu-  i 
lar  obstinacT',  thus  preventing  in  a  measure  I 
the  contact  between  the  fluid  and  the  plate.  I 
The  roughened  sur&ce  produced  from  the  de- 1 
posit  of  platinum-black  entirely  prevents' this.  I 
The  zinc  plates  s  s  in  thb  battery  are  well  I 
amalgamated,  and  &ce  both  sidee  of  the  stiver.  [ 
The  three  platea  are  held  in  position  by  t 
clamp  b,  at  top,  while  the  tnt^position  of  a 
bar  of  dry  wood,  u,  prevents  the  passage  of  a  current  from  plate 
to  plate.  Water  acidulated  with  one^eventh  its  bulk  of  oil  of 
vitriol,  or,  for  leas  activity,  with  one-sixteenth,  is  the  exciting  fluid. 

The  qnantity  of  electricity  excited  in  this  battery  Is  very  great, 
but  the  intensity  is  not  so  great  as  in  the  oompoand  batteries  pres- 
ently to  be  descrilKd.    Tlis  battery  Is  neariy  eonstant,  does  not 

971.  Deteribe  Smee's  battery.    WhM  Is  Mid  of  lU  valae  t 


.      ■    ^T —  J  ■■■■■Iff  ■miliijiJ  fa  iTi^iiBii 


^r-  battery  is  designed  tOi»ll» 

_i«f  ■^h*le  of  oopper   in  dQate  nlftofe 

•^4  *•  ■^l  t'  «J«ii«»t  being  nuufe  la  c«lai 
■" ■^fcai     This  biUciyhM  been. pJ 

■bered  with  «  palp  of  itWJi 


^  ^^m^^n«e  oi  ooppei 

^^^^^    Aod.  A*  m^ptr  «Jan«nt  b< 
^^^^^B    lilt  ecdbffcdd.     This  bai 

^[_^H^M||y  a.  *miu  d»vn  on  tbe  i 


■k  *M^i*  **»■!■ — TbiM  tndy  pfaflcMopUnl  a 
ii><«DM>c  slSH;  «p  to  viiidi  tins  Uwii^m 
tt  3M  Ki|:iu^  vftaie  pile  bad  bca 


t  jf  y  nwrr-'niT  tix  ywner  and  c«»i«bii;t^  ^i,^  m<Im  rf 

MiKte*:i«p^4ftiM.    -U  other  iMttMivwtttn 

»  jBtjr  »ftt&.-«ia»  rf  big,    b  ancbtB  of  HI  «ilgito 

Mmter  -id  «f  «wv,  Oi  fig.   Ml,  wfaiA  «W 

Bd  and  Ma  i^xiTCdi. 

■  cop  of  eartbsiWHI^  /, 


«er  c«^  paitod 


iMit  vX  it  chirped  bj  a 

^wair  »t  «■>  W  oil  rf  riiriot,  m 

w«Mv  ^M^lNie  of  copper.)     Soaw  ef  the  adU 

na^iyn  k  alA?  AHpended  «o  a  pcribratod  AaK  « 

te  a  jHkK  1«(;  h>  kMp  up  tbr  ■ 

MS  .-tS  it  fiOfdwidi  tbesi 

«M  Art  Wpfcr  (alu     For  tbr  moM  oi 
%  W  wvd  samrued  solatiao  of  bine  i 

«ai^<T  aad  ibr  tbe  outer  cell,  and  Iw  tfa*  ite; 
«h«*N^haw«<l««fip«rbalt4r7r    IflL  DMsibeDa^ 
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tnnt^  parte  water  to  one  add.  Eight  iv  ton  honn  is  almiit  the 
limit  of  ite  constaocj.  Anj  number  of  cells  bo  amnged  are  easily 
connected  together  by  binding  BCrews,  the  (7  of  one  prir  to  the 
Zof  the  next,  and  bo  on.  The  hydrogen  from  the  decompoeed 
water  in  this  instrument  is  not  giren  off  in  bubbles  on  the  capper 
side,  as  it  is  in  all  fornui  of  the  simple  circuit  of  line  and  copper ; 
because  the  sulphate  of  copper  there  preaant  is  deoompoead  in 
the  circuit,  atom  ibr  atom,  with  the  decomposed  water,  and  the 
hydrogen  takes  the  atom  of  oiyd  of  copper,  appropriating  its 
oxygen  to  fbnn  water  again,  while  metallic  copper  is  deposited  on 
the  outer  cell  No  action  of  any  sort  results  in  this  battery,  if 
the  sine  is  well  amalgamated,  until  the  poles  are  Joined,  and  it 
gives  off  no  fumea.  Ten  or  twelve  such  colls  form  a  very  active, 
constant,  and  economical  battery,  and  two  doaen  of  such  are  ample 
for  ordinary  uses.  Hot  soluliong  increase  its  power,  and  the  ex- 
tent of  line  aurbce,  and  not  the  diameter  of  the  copper,  limita 
the  amount  of  electric^  effect 

077.  Otot*^  nitilo  add  battery. — Mr.  Grove,  of  London,  has 
successlully  applied  the  principle  of  Daniell's  battery,  to  produce 
D92      the  most  powerAil  and  in-  B98 

tense  sustaining   battery 

knovm.     The  fluids  used 

e  strong  nitric  acid  and 

'  dilute  sulphuric  acid,  kept 

apartby apoTousjar.  Tho 

metals   are  amalgamated 

line,  placed  in  the  Bulphu- 
I    ric  acid  of  the  outer  veeael, 

and  platina  in  the  porous   ' 

veasel :  fig.  698,  ehows  this 
mgement  as  complete^ 

The  platinum  element  is  J 

Men  isolated  in  fig.  I 

Tho  cover,  e,  upon  the 
vase,  V,  fig.  SOS,  tends  to  keep  down  the  strongvapon  of  nitrous 
acid  evolved  when  the  battery  is  in  action.  The  binding  screws, 
It,  A,  serve  to  unite  the  elements  of  sepante  pain.  The  ilnc 
here  surrounds  the  plaUnum,  because  boUi  that  metal  and  the 
nitric  acid  are  to  be  economliod  as  much  as  poaaible,  being  the 


m  KLECTBlCrrT. 

msU J  parte  of  tho  Krrangcmont     From  Btx  to  ten  ptftt  «{«« 
ue  used  in  a,  to  one  of  acid. 

The  oction  nf  this  battery  is  intense  And  spleodid  IWlf 
drogen  is  immediately  engaged  by  the  nitroim  arlA  wtiirttit^ 
compoeee  very  reiuiily.  There  is  therefore  m  doniilt  cbtnU  » 
tioii,uidiiniDOTensed6owof  olectridtj,  eiaceuoputofi^pin 
igloet  in  Kunbinatton.  The  fumcB  of  nitroos  ttciilanpttdf* 
sorbeil  by  tho  nitric  acid,  turning  it  at  last  inUnsrJy  pes;  W 
enough  are  erolved  to  render  it  imporUat  to  net  tfa«  i 
a  clear  apaw,  or  good  draught  Four  cells,  with  . 
inches  long  by  half  inch  wide,  decomposes  watnr 
twenty  Eucfa  colls  form  a  batiery  giving  iotens«  eflecttif  1^ 
Ilatjnum,  in  tlis  pllric  acid  t<attcrj,  is  e«tinial«d  ai  rfitiwi  ■ 
•ightccn  limes  more  powerful  Ihao  copper  Ln  Paciplk*  balMr;  M 
i*.  til  fKinare  tDi?hes  of  platinntn  U  as  efiimHon^  u  om  knM 
•qoare  inches  of  eopptr-.and  Peschetl  found  tlirw  hundrvd  nl  fcl^ 
time*  as  mnvh  surhce  of  copper  woa  needed,  in  a  aplni  teOMTM 
IIaT«>  conatTUntioii,  at  of  platinum  to  InsBm  equal  ^t^OA 

A  Grove's  baHery,  eonstniplod  by  Jacobi.  of  St  Pet«nbinfti.  <•• 
tains  Rixty-funr  plsljnum  plates,  each  Ihirty-ux  tq  iiare  iD«li«  inrfaa 
or  I'ombined,  raitecn  sqnare  fvat  This  vould  be  by  eompartma  t^ 
to  a  Daniftls'  batti^ry  of  twu  hundred  and  eixty-aix  Miiarc  ttteL  «• 
Bare'*  battery  of  abant  five  thousand  five  baodred  aqom  M. 
GroTe's  battery  is  rather  co*Uy,  and  very  lroiiblc»oiii«  to  nrniifrr 
are  nli  batteries  vlth  doable  cells  and  porous  cups. 
!'78.  Carbon  battary.— The  great  cost  of  lai^  ni«nibaa^ 
'  «  of  OroTe's  platinum  battery  led  Pro£  BuMO^tf 
Marburg,  to  use  the  carban  of  B»«  «*• 
asasubetituterortheplatinum.  Prt£ 
Silliman,jr.  in  1 84  2,  described  a  h«t«J 
(see  3ilL  Jour.  (IJ  xliii,  3fi3.  and  iHr, 
ISO)  in  which  natural  plumb«go  «« 
L  used  in  place  of  the  platiiia  of  Gr-jra'k 
I  arrangement.  This  was  befon  Bi»- 
5  apparatus  was  known  of  in  tlui 
country. 

Fig.  flal  «lmw>  the  original  tora  rf 
Bunecn's  kcIIi  Whvr«  the  oartuni,  Ck 
contained  in  an  eit«riorva«e.  r.ornilrit 
■citt,  the  amalpimnteil  omk  b  to  a  pon>« 
irup,  P,  of  dilute  sulphurio  acid  Th*  ob- 
jwlion  to  tills  arrangement  i«  Ui»  |an^ 
e  acid  and  amallocw  of  Ih*  >nir.     In  iIm  as- 

Compara  the  efficiency  of  pUtinum  and  co^^r. 


thor"!  pUo,  Rftannrdt  adopM  eMaoti^r  by  H.  DeleoU,  the  «ar- 

ban  wM  in  the  poT«u  cop  BorrouDded  by  the  lina.    In  flg.  B96,  this 

■mngcment  li  afaown  in  de-  6B5 

tail.    P,  la  the  pile  complete. 

F,  ii  die  jar  of  bard  pottery 

to  contain  the  zinc,  Z,  and 

Uie  dilate  anlphuric  acid ;  V 

ia  the  porona  vase,  to  oonttln 

the  carbon,  O,  vith  ila  nitrie  1 

•eld.    Tbe  attachment  of  a  ' 

oondaetor  to  tbe  carbon  U   i:>-i'>r^i|.!i-)i.  ^]   l.\  , .j   ],.,i.'   ir,  ihe 

centre,  into  Tbish  a  plug  of  hammered  eopper  is  crowded  vith  • 
wrenohiog  motion.  If  tbe  hard  earbon  of  the  ga*  retorte  i«  u«ed,  (It 
b  nnqneationably  aaperior,)  a  copper  band  ia  attached  i/o  its  top  by 
el«etro-|<*lvaDic  aoldering.  The  carbon  of  Btttucn's  cells  ia  prepared 
by  pulTerizing,  and  baking  in  moulds,  the  ooke  of  bituminous  coaL 
Fig.  596  showe  a  series  of  tea  cups  of  the  cvbon  battery  arranged 
for  use,  the  sltemat4  nwrnbera  be-  CM 

ing  joined  by  binding  screws,  m. 
made  by  Delenil,  of  Paris,  escli 
lino  being  twenty-two  eentiini' 
tree,  (eight  and  three-quartpT 
inchee)  high.  Aatks  elecbro-riii'- I 
tlve  energy  of  the  battery  rle-^ 
penda  on  aic*  a*  wetl  u  numlier,' 
tbcM  lat^e  membera  have  grvn 
adTanlagea.  The  author  deoMnitrBted,  in  1842,  (loc  cit.)  that  car- 
bon was  Dearly  if  not  qntta  as  good  as  platinnra  suriaee  for  sor- 
face,  A  battery  of  fifty  cells,  like  fig.  &W,  costs  fiftj-fivo  dollars  in 
Paris,  and  with  anch  a  aeries,  sli  Uie  most  splendid  effects  of  the  elee- 
trio  light,  deflagrations,  and  chemical  decompodtlons  can  ht  very  ta- 
tbfactorily  shown. 

9TS.  Dry  pQaa  of  Zaubonl  and  DcXioo. — These  «ro  constructed 
of  diBca  of  metallic  paper,  as  of  copper  and  zinc,  (called  gold 
and  Bilvor  papers,)  placed  back  to  back,  and  alternating  aa  in  the 
pile  of  Volta,  (SS6,)  all  the  coppers  fitcing  in  one  direcUon. 
Sometirocs  paper  gilded  on  ono  side  and  line  on  tbe  other ;  or 
sine  paper  smeared  with  black  oxyd  of  mangaixM  and  honey  on 
the  other  side,  is  used,  and  with  more  maifcad  eflboti.  Some 
hundreds  and  even  Uiousanda  of  Uicm  HacM,  M  large  as  a 
quarter  dollar,  are  crowded  into  a  glass  tuba  nmlshed  within 


VIK  Wliat  is  the  carbon  battery  1    Daaeribe  It  fron  #- 
■crihe  the  arrangenent  in  flg.  (9(1.     What  ia  said  «< 


Md  witlM^  jBt  kica  MooB^  If 


hM  bMnv^eW^  dtiid  MM  total 
ttH  «rf^  «»■■«  ttH  b  fik*  to  ib^  Mb  W  tta  ^ 

111  1  iiiiiiiiMn  rttirrtn  i tiij«iniii.ii 

Jwiii1Tij1ir]ir-TT--r1i 
CUI^B  labontaiT  fcr  rfx  M 

MdC:ig.nf.mfatlMpi)aiaf  tVOArpOa^ 

to  ill  sppoilte.    ITih  fc  ■nilmiWaillj   ^M«ttt«^al 


* 


u 


mlt^o  iMttarlM  enst  in  gnatn- 
riety,  bat  iQwUTing  no  priociple  not  tinaOj  a- 
plftined.  Some  have  special  adHptotioo  to  a  tmtie- 
ul&r  use,  like  Chester'a  fbna  of  Suim's  twttar  Cv 
telegnphic  use ;  Fanner'B  copper  imttery ;  Uw  U- 
tcry  of  Bagntion,  of  zinc  and  copper  in  aoM 
earth ;  «r  Grove's  oxjgen  and  hy drogeo  g^  battaj, 
so  inRtmctiTc  tbeoreticall;.  But  fiirtlur  dMow- 
tions  are  excluded  by  want  of  space. 

POLABnT,    RETARDtNO    POWER,  A5D  KOVBSCLATVSK  OF  VHB  TOi- 


960.  Polaritr  of  the  compound  obetdt. — In  battericn  of  two 
OT  more  couples,  oonneetien 
m  brmed,  not  as  in  the  bd- 
gle  couple,  (989,)  betwen 
membon  of  the  sane  cd, 
but  between  them  of  ^ 
■ferent  names  in  contigno« 
cells,  as  in  flg;  698.  when 

■"'■..¥5,'  V*  4^7  P''"  eoMtfucted  P  Whi»t  of  their  radwuH  l 
How  did  ZamboQi  arranj^  them  ?  What  ii  BohambennV  -h^L 
toope  r    «8a  Wbat  ii  Mid  of  other  pllai  I  "^      "•««»■ 


MDLi 


OBOUPIKO  or  BLBMXMTB. 


6S5 


iMMMi 


the  copper  of  1  JoioB  the  zinc  of  2,  and  bo  on.  The  carrent 
flows  from  the  zinc  to  the  copper  in  the  fluid,  hut  from  the  cop- 
per to  the  zinc  in  the  air,  (fig.  686,)  hoth  in  simple  and  compound 
circuits.    This  is  important  to  599 

he  remembered,  since  the  zinc  is 
called  the  electro-poeitiye  ele- 
ment of  the  series,  although 
out  of  the  fluid  it  is  negatiye* 
Consequently,  in  Toltaic  decom- 
positions, the  element  which  goes  to  the  zinc  pole  is  called  the 
eUctro-poHtict^  and  for  the  same  reason,  that  which  goes  to 
the  copper^is  the  eUetro^nsgative  eUmenL  The  terminal  plates, 
Zand  Cs  in  1  and  5,  fig.  698,  are  not  concerned  in  the  electrical 
effect,  being  in  &ct  only  eon-  600 

ductoTB  of  the  electricity,  and 
hence  they  may  be  remored 
as  in  fig.  699,  without  alter- 
ing the  power  or  nature  of 
the  battery.  They  serve,  in 
fact,  merely  as  a  oonyenient 

mode  of  joining  the  poles,  as  in  fig.  600.  The  apparent  polarity 
of  the  simple  circuit  is  therefore  the  reyerse  of  that  of  the  com- 
pound circuit ;  but  an  attentiye  observation  of  these  explana- 
tions, and  of  tiie  figures,  will  avoid  all  confusion  on  this  point 

982.  Ofonpiag  tlie  eUments  of  a  pllo  in  various  numerical  re- 
lations, is  an  important  means  of  modifying  its  power,  and  the 
character  of  its  effects,  already  ex- 
plained in  968. 

Take,  for  example,  six  cups,  as  in 
fig.  601,  arranged  in  conaeontiTe  or- 
der, and  we  haTe,owing  to  the  reaist- 
anoe  to  the  eleetrio  flow,  the  maxim- 
um Interna  efFeota  possible  with  snoh 
number.    Changed  to  2  groups  of  8 
each,  and  the  quantity  is  doubled, 
with  half  of  the  Intensity,  fig.  602. 
In  fig.  608,  are  three  groups  of  two 
caps  each,  so  arranged  as  to  present  ^^^_ 
three  times  the  surface  in  601,  with 
a   proportionate   loss    of  intensity* 
Lastly,    in  fig.  604,  each  rinc,   and  — — ^ 
each  copper,  joins  one  eonmon  eondoelov 

981.  Explain  the  poUrity  of  the  simple  «i 

27 


601 


60S 


608 


604 


ftwwIiigUMrfx  wallet  into  oMsoftM  «r  dfaft4M  «HMrtl*«i 
TIm  afnafOMBft  imj  be  ui|humwi1»  MnoBiBg  Hm  nwlBHi  rfft 

te  aay  munbcr  oC  eooplML 

MS.  Htoetriwai^tttdfaypowmcg 

A  affWa  rariitiiioe  to  tiM  pMnge  of  a  Willie 
by  •my  adittkMl  ckaami  pfaoad  fai  Iba 
imiMMfl Iwmlli of cpadnctor.    Hm 
by  IliB  oonqpoDiid  circaitt  bttfn 
<NiBi,  of  Borlin,  in  189T,  fim 

tto  iMT  regolatiDg  the  floir  of  olooMoity 

tan"-    'Ab  the  qiponitM  ii  oonpoood  sololly  •! 

ftmit  retefing  pow«r,  the  itootrfe  cnvmit _ 

tto^otojqipaiiiaB;  tiMrabteiieoolRndte«iMnHiHi«rAi 
euBPoai  ooniBto  tliarofbro  of  two  pniM^  om  ooitoriarli^aifM 
wiQiiii|  tho  tpptntoB. 

Let  the  ring,  c  6  e.  In  fig  605,  repreeoit  a  homogoMoiw  eoBdndflr. 
605        and  let  a  eoorce  of  electricity  ^-■^■t  at  A,    Fnm  tkii 
^         »oarc«  tlie  electricity  wiU  diflfiise  iteelf  orer  boCb  toh« 
/'^        ^  o^  tJ^e  ring,  the  positive  paasing  in  the  direeUoa  m,  Ik 
/  \  negative  in  6,  and  both  floide  meeting  at  «.     KowiCM> 

I  J  lo W8^  if  the  ring  is  homogeneous  that  eqoal  qoartilies  ef 

\^^^y  electricity  pass  through  all  aeetioiv  of  the  riag  m  tk 
^"•^       same  time.     Assuming  that  the  pa— gi  of  the  Md 
from  one  cross  section  of  the  ring  to  another,  ia  doe  to  the  ili^MtfS 
of  electrical  tension  at  these  points,  and  that  the  qaantitr  vUch 
passes  is  proportional  to  this  differenoe,  of  tension,  the  conscoMBM 
is,  that  the  two  fluids  proceeding  from  A,  must  decreaae  in  tenoia 
the  farther  they  recede  from  the  starting  point 
This  decrearing  tension  may  be  represented  by  a  diagram.    Sop- 
606  pose  the  ringin  fig.  606,  to  be  stretehcd  oat 

to  the  line  A  A',  Let  the  ordinate  ^  B  rep- 
resent the  tenrion  of  poaitiTe  electricity  it 
^  A,  and  A'  B  the  negatiTe  tension  at  A\ 
then  the  line  B  V  will  ezpreaa  the  teaaea 
for  all  parts  of  the  cirenit  by  the  Taryiag 
■•   lengths  of  A  B,  A  B,  at  CTery  point  of  J  c 

or  c  it    Hence  Ohin's  formula  F  =     ,  where  F  repreaanta  the 


081  How  may  the  elements  be  grouped,  and  with  whatctfeelaT 
988.  What  ii  said  of  the  retarding  power  of  the  batteiy  f 


Faraday's  nombmclaturb.  627 

tbrength  of  the  enrrent  J>  the  eleetromotlTe  foroe  of  the  battery, 
ADd  B,  the  reiistance.  Therefore  the  greater  the  length  of  the  eir- 
cait,  the  leee  will  be  the  amonnt  of  electricity  which  paaees  through 
any  cross  section  in  a  given  time.  In  exact  terms,  this  law  statee 
that  the  ttrength  of  the  current  ie  invereelif  proportional  to  the  reetei- 
mnee  of  the  cireuiif  and  directly  ae  the  electromotive  force. 

But  in  the  amplest  yoltaic  current,  we  have  not  a  homogeneous 
conductor,  but  several  of  various  powers.  To  illustrate  this,  let  ihe 
conductor  A  A',  fig.  589,  consist  of  two  portions  having  different 
cross  sectiona  For  example,  let  the  cross  see-  ^ 
tion  A  d  htn  times  that  of  d  A' ;  then,  if 
equal  quantities  pass  through  all  sections  in  j^ 
equal  times,  if  through  a  given  length  of  the 
thicker  wire  no  more  fluid  passes  than  through 
the  thinner  wire,  the  difference  of  tension  at 
both  ends  of  this  unit  of  length  of  the  thicker  wire  must  be  only 

— th  of  what  it  is  in  the  latter.    Thus,  "  the  electric  fall,"  as  Ohm 

CHslls  it,  will  be  less  in  the  case  of  the  thick  wire  than  of  the  thinner, 
as  shown  by  the  line  B  ein  the  figure.  The  result  is  expressed  in 
the  law  that  the  "  electric  faW*  ie  dirtetlf  ae  the  specific  reeietancee  of 
the  eonductore,  and  Uneroelf  as  their  erooe  eeetione,  Henee,  the 
greater  the  resistance  offered  by  the  conductor,  the  greater  the  falL 
The  very  simplest  circuit  must  therefore  present  a  series  of  gradients 
expressive  of  the  tendon  of  its  various  points — as  one  for  the  con- 
necting wire,  one  for  the  nine,  one  for  the  fluid,  and  one  for  the  cop- 
per. The  electro-motive  force  of  a  voltaic  couple  ("  E  "  of  Ohm*s 
formula)  may  be  experimentally  determined,  and  is  proportionsl  to 
the  electric  tension  at  the  ends  of  the  newly  broken  circuit. 

984w  Faraday^i  nomenolature. — Dr.  Faraday  has  introduced 
certain  terms  Into  the  language  of  electrical  science,  which  are 
generally  adopted  for  their  convenience,  and  their  absence  of  as- 
sumed, or  theoretical  notions. 

Electrode  is  used  in  place  of  pole^  to  which  latter  term,  mean- 
ing the  terminal  wires  of  a  battery,  Davy  and  others  seemed  to 
attach  a  sense  as  if  it  possessed  a  certain  attractive  force,  like  the 
pole  of  a  magnet — Electrode,  (from  electron^  and  odo^^  a  way,) 
means  simply  the  way  or  door  by  which  a  Voltaic  current  en- 
ters or  leaves  a  substance. 

Anode  is  that  surface  of  a  body  receiving  the  current,  or  the 

Explain  Ohm's  theory  from  figs.  606,  soft.  SUtethelaw.  SUte  it 
for  the  battery  from  fig.  607.  984.  What  ia  said  of  Fbraday's  a^ 
menelaUireT 


wfkd.  odo$^  a  way* 

tcrinurdsthAnegKtiTeaideof  tlw8«t!flS:  Cftottftsi^ 
■a  thA  sun  BttlBi  and  0^  a  wigr.)    Tki  tiUarrar  It  MfpiMli 
ftiiii  \\m  nnfth  with  thti  pnnfltrt  nf  rtiinatiwj  an  hUilfii  hut 
■■d  ilB  nafsatiTa  on  hia  left 

.  JBifiraJy^  ia  ai^  aubataapavoqpialito'of  iayantfoa 
oonatitaaiita  bj  tha  Inflnww  of  a  Y^jtalo  Mrfia^  ifnm 
and  Im,  to  aafe  loota.)    JBimtr^h^k,  Oa  ii«ft  of 
JRaolra^yafd;  and  tfltotivlfaaftli^  ara  obvioua 
Ilia  taiBO  wofda. 

/#M^  are  the  alementa  into  wUch  an  aiaelN^jia  la 
flia  ennent    Thoaa  ara  aitb««fiteM^  aboMBfta  ftnn4aftii 
poaMfa  daoferadc^  or  aoltrai^  loM  imiid  ai  tikB 

HoriM^r  wa  du41  amploy  tiioM  tema  iHian  tlMif  an 

THE  BITBOTt  OF  TBI  TOIffAfC  PIUL 

985.  The  VolUdo  spark  and  ardL — ^In  1808,  Davj,  w¥k  tbi 
aztensire  scries  of  two  thousand  couplea  at  the  Bojnl  loatiti' 
tioD,  first  demonstrated  the  full  splendors  of  the  Voltaie  nA 
between  electrodes  of  well-burned  chareoaL     Howerar  powcfiU 
608  the  scries  may  be,  no  effect  ia  in  tha  lir 

seen  until  the  points  of  the  carbon  dee- 
trodes  are  brought  into  actual  ffoptsctt,  or 
at  least  insensibly  near.  Herschel  noticed  that  an  electrical  tpiA 
firom  a  Ley  den  jaf,  sent  through  the  carbon  points,  when  near 
each  other,  established  the  flow  of  the  Toltaic  cnrieuC^  by  pro- 
jection no  doubt  of  material  particles.  When  the  apark  pspifi, 
then  the  electrodes  may  be  withdrawn,  as  in  fig.  608,  and  flw 
arch  of  electric  flame  connects  them  with  a  white  and  rioki 
light  of  intolerable  brightness ;  seyeral  inches  in  length  if  the 
pile  is  very  powerful.  This  arch  of  seeming  flame  is  not  pra* 
duced  by  the  combustion  of  the  carbon  electrodes,  since  it  ezisli, 
with  even  greater  brilliancy,  in  a  Tacuum,  or  in  an  atmoaphcrt 
of  nitrogen  or  carbonic  acid.  M.  Desprets  states  that  in 
with  a  powerful  pile,  the  voltaic  arch  may  be  Ibrmed  at 
centimeters  distance,  without  contact    Fig.  609,  shows  a 


Explain  Faraday's  nomenclaturd.  985.  What  is  aaid  of  the  Vol- 
taic aroh  t  At  what  dietaQce  does  the  spark  pass?  Deseribe  the  Vol- 
taie arch.  What  ii  said  of  its  constitation  f  What  origia  has  it 
aecored  T 


RBOVLATOU  or  KLZCrUO  LIGHT.  SSft 

TKU«nt  ippuatns  iir  this  BzperimeDt  in  taeuo,  or  in  Tarioui 
gMes,  SB  in  Dmry'B  original  experiments.  The  Voltuc  uch  is 
tccompftnied  bjr  «  loud  hiflsing  or  rushing  sound,  800 
due  to  tho  mechaniod  remorfti  uid  transportetioa 
of  particles  of  carbon  from  the  positiTe  to  the  neg- 
ative electrode  bj  which  the  formcir  is  diminished 
is  length,  or  made  cup-shaped,  while  the  latter  is 
sensibly  elongated,  as  first  noticed  and  described 
by  Prot  Silliman,  in  1833,  (SilL  Jour.  [1]  t.  108.) 
in  the  use  of  a  powerful  deflagntor  constractad 
bj  Dr.  Hare.  . 
Tbroogh  colored  gUnei,  these  partidM  of  oarbon 
can  be  eooyenlaatlf  obMrred,  epparsotlj 
.  noTing  ilowly  from  pole  to  pole,  and  giring 
nnqneitloiiably  that  oval  form  to  the  arefa, 
i  *eea  in  fig.  609,  when  the  eleotrode*  are 
B  Tertieal,  and  the  nagati«e  carbon  la  appa- 
f  rent  There  la  alio  diitiactly  to  ba  Hen,  a 
■■  certain  itnietiire  in  lonea,  or  bandi  of  dif- 
ferent brilllanoy.  When  Uie  Image  of  the 
earbon  eleetrodea  ie  projected  on  a  leraen,  la  waa  firrt^ 
done  by  Foncsolt  with  the  electrie  lantern,  the  growth* 
of  the  negativa  and  the  deereaie  of  the  podtive  electrode  is  t^Mj 
obeerved,  withont  Iqjnry  to  the  eyea  The  negative  carbon  la  ••*■ 
613        to  glow  firrt,  ai  if  the  light  611 

originated  there,  bat  ai 
axperimeot    adTancea,    the 
poMtire  earbon  beeomes  the 
most  brilliant,  and  malot^ni  J 
thli  raperiaritj  during  the  I 


The  Voltaic  arch  ii  nugDctie,  or  eapa-  * 
ble  of  loflutnelng  the  magnet,  by  tlio  ap- 
proach of  which  it  ia  deflected,  a»  Id  fig. 
tl'l,  or  even  made  to  revolre  with  a  lond 
hieaing  noiaa ;  a  tiict  flnt  obeerred  by  Davy,  bnt  lince  carefully  itQ* 
died  by  De  la  Rlre,  Qoet,  and  DeipretL 

666.  Ragnlaton  of  th*  ilsoMo  Ui^t — Since  the  introduction 
of  powerAil  conatant  batteries,  it  has  been  possible  to  use  the 
electric  li^t  fbr  sclentiflQ  and  eramomical  purposes. 

For  Uilt  pnrpuM  rtffulatti  have  been  deviied  to  reoder  the  Kgfat 

What  of  the  tranefer  of  mattar  between  the  eleotrodea  t  How  mt^ 
the  pobte  ba  safely  obeanred  I    Deicribe  the  phenomena  oa  a  lonr 
Bow  doe*  the  magnet  affect  the  arch  t 


MBmoMd.  Ib  Ag.  Ml,  k  ibmn  iblW 
Del^uTI.  or  ?ariB,  ud  Ito  datalb,!*  %.« 
The  two  orboD  polata,  J>  ud  IT, anUI 
in  pusitioaby  1  v«  vacOaal  radih  rf«IU 
the  lover  oDe,  r.  hmnwmivpwuA^tt 
meoluauiu  in  Sg.  614.  white  Ifca^yvm 
ff.  puMBthroDgh  Aalialj^f^wJtkflMtai 
The  flow  of  the  iwiTWH  f>  Aava  tf  li 
■rrowi  amTiag  kt  0,  aiMl  ilniwHuil  f 
llie  &ani8  of  the  nyfUw  h  if  «rtfcn 
The  dighUf  oonoaT*  mMor,  3t,  hfc  w- 
uhi  pnrpowreplwdtr  aUignMiMl 
ndrror.  WliMi  th«  riaa  iliirtUli  h  i» 
necUd  with  G,  a*d  <fa*  omAm  vlft  X 

Ltlon  IB  "  " 

tih  ilip  hand.    Aa  Um 


:sii 


E.  flg.  SI4  :  the  wft  In>M- 
Bture,  M,  on  tha  larer  J.i> 
drawn  np  to  £^aa  lougMtb 
onrrent  flovm,  but  If  H  lil» 
:^^  t  irrupted,  than  m  Uls  a»d  tb 
^  U'ViT  A  li  drmwn  apwmnfa  liy 
'  u  E<piiDg,  ^,  Mting  aguMt 
t  liu  hilcmm,  £ .-  the  tf  «ct  if 
.  P,  bjr  a  tooth  J,  eatehi^  la 
<n  the  upright,  R.  Id  this  way  ocmiectioii  ia  again  wtab- 
Biliad ;  and  whea  tbi«  uoiplfl  in«ehaaiND  i<  odo«  adjnatad,  614 
It  will  aot  for  boon  with  great  certainty,  maintaiolog  the 
llrfit  eonttant.  In  SiUiman's  Chemietrj,  p  1!S,  DuboBoq'a 
Tf^idator  ia  figured  and  deecribed,  a  fonn  of  the  im 
wall  adapted  tooptioal  purpoeea,  and  oaUed  the  pi 
trio  mleroaoope, 

98T.  Propeitlei  of  the 
electric  ligbL  — Like  the 
Bolar  light,  it  is  unpolar- 
iied.  It  explodes  a  mix- 
ture of  hydrogen  and  chlo- 
rine, and  acta  on  chloride 
of  silver,  and  other  pho- 
tographic preparatioos,  like  the  aim.  Bodies  made  pho^tbott*- 
880.  DeMrib«th«regnUt<iroflMeDUaDditiaotion.   ngi,SIS.SI4, 
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cent  by  the  sun,  are  similarly  affected  by  the  electric  light  In 
1842,  Silliman  took  Daguerreotypes  with  it,  and  it  it  is  now  used 
in  preference  to  solar  light,  for  tiie  purpose  of  taking  microscopic 
photographs.  (Duboscq.) 

Flzeau  and  Foacault,  have  eompared,  by  photometric  measure- 
ment, the  light  from  ninety-two  oarbon  ooaplea,  arranged  in  two  se  • 
ries  of  forty-six,  (601,)  with  the  solar  beam,  and  also  with  the  ozy hy- 
drogen or  Drammond  light  In  a  dear  Ang^t  day,  with  the  sun 
two  hoars  high,  the  electric  light,  assuming  the  son  as  unity,  bore  to 
it  the  ratio  of  1  :  2*69,  i  e.,  the  sun  was  twice  aod  a  half  more  pow* 
erful,  while  the  Drammond  light  was  only  one  one  hundred  and 
forty-sixth  that  of  the  sun.  Bunsen  found  the  light  from  forty-eight 
elements  of  carbon,  equal  to  five  hundred  and  sevaniy*two  eandlei. 
The  intensity  of  the  electric  light  depends  far  more  on  the  sise  of 
the  individual  members  of  the  pile  than  on  their  number.  The  ef- 
fect from  forty  couples  was  found  by  FLseau  and  Foueault  to  be  about 
the  same  as  that  from  double  the  number,  when  the  eighty  were  ar- 
ranged consecutively,  as  in  fig.  601,  while,  with  the  same  elements  in 
two  parallel  series,  there  was  a  very  great  increase  of  effect  PVaun- 
hofer  showed  that  the  spectrum  of  the  eleetric  light  was  distinguish- 
ed from  that  of  the  sun  by  a  very  bright  line  in  the  green, 
and  a  somewhat  less  luminous  on^  in  the  orange.  (744^)  Dove  has 
lately  shown,  (Poggendorffs  Amnalen,  1857,  Na  6,)  that  this  light  has 
two  distinct  sources:  1st,  the  ignition  or  incandescence  of  the  trans- 
lated particles,  passing  in  the  course  of  the  discharge :  2d,  the  proper 
electric  light  itself  Draper  has  shown  that  the  spectrum  frt>m  a 
glowing  platinum  wire  heated  by  the  battery,  contains  no  lines,  so 
that  it  is  strictly  white.  (Sill  Jour.  [2]  viii,  840.)  It  is  not  only  par- 
ticles of  carbon  which  pass  in  the  Voltaic  arch,  but  of  whatever 
conductor  may  form  the  positive  electrode,  as  platinum,  or  any 
metal,  and  the  light  varies  in  its  optical  properties  with  every  change 
of  the  electroda  (Wheatstone.) 

988.   Boat  of  tlia  Vottalo  azofa.— Daflagration. — ^When  the 
positive  electrode  is  fiuihioned  into  a  small  crucible  of       616 
carbon,  as  in  fig.  616,  gold,  silver,  platinum,  mercury, 
and  other  substances,  are  speedily  fused,  deflagrated, 
or  volatized,  with  various  colored  lights. 

The  fusion  of  platinum  (like  wax  in  a  candle)  before 
the  Voltaic  arch  is  significant  of  its  intense  heat,  and  still 
more  the  volatilization  and  fusion  of  carbon,  a  result  first 
announced  by  Silliman  in  1822,  and  since  confirmed  by  Despreta, 

987.  What  are  the  properties  of  the  electric  light  f  What  is  the 
comparison  with  the  sun,  and  drammond  light  f  On  what  does  the 
intensity  depend  t  What  is  said  of  the  electric  speotrnm  1  What 
are  Dove's  and  Draper's  results  t 


ft 

ii 


«k«M9Kliv«  Jrrtrnili  nntiffiiii^  <k«  wiifctia  rf  lit  jyii 
with  the  point  of  the  fine  wire,  if  the  ecriee  hi  poweHU  Ae  vhtb 
ftu«d  on  the  sorfftce  of  the  liquid,  eTdliiiig  m  light  ai  wammmi 
b«enty,  whoee  eolor  b  thet  appropriate  to  the  metal  in  eolntiofi ;  c  f; 
from  celeinm  selts»  Tiolei-red«  from  aodimn,  yellow,  frwa  heriMk 
reddish-yellow,  from  potealmn,  Tiolet,  fi^om  strtiiitiiiBi,  red,  4k4 
These  beeutiftil  &ets  were  first  noticed  by  Dr.  Hareu 

Br.  Page  baa  described  a  aingnlar  motion  imparted  by  the  eoReat 
to  globule  of  pare  mereory,  plaeed  in  a  ihallow  diah,  and  eorcttd 
by  acidulated  water,  the  globules  elongate  to  OFoida  and  more  ad* 
irely  about,  one  end,  being  that  towards  the  +  pole,  doaded  by  •• 
caping  gas  babbles..  If  the  mereory  oontains  sine,  the  poaitioB  sf 
the  clouded  end  is  rerersed.    (SilL  Joar.  [2]  zi  lOSL) 

989.  Mearareaent  of  the  heat  of  the  Voltaio  oanrnaA^^Bj 
means  of  a  loDg  wire  €oiled  into  a  dose  spiral,  and  incksed  in  a 
calorimeter  (594,)  of  glass,  oontaining  water,  Beoquerel  and  oth- 
ers have  established  the  laws  regulating  the  flow  of  heat  in  tht 
electric  current,  by  its  effect  in  elerating  the  temperature  of  tht 
water.  A  coil  of  platinum  wire  contained  io  the  bulb  of  a  Sano- 
tone's  thermometer,  (507,)  becomes  a  means  of  estimating  the 
heat  of  currents  too  feeble  to  be  otherwise  measured.  The  re- 
sults are,  that  when  a  voltaic  current  trater^ee  a  homoffeneous 
ttire,  the  quantity  qf  heat  in  a  unit  qf  time  it  proportional-^ 

What  varies  the  light  f  988.  How  are  the  heating  effects  of  the 
arch  shown  t  What  evidences  of  its  heat  are  g^ven  \  What  hap- 
pens when  a  fine  platinum  wire  is  deflagrated  from  liquid  surfaecaf 
What  of  Yoltaio  motions  T  989.  How  b  the  heat  of  the  Voltaic  areh 
measured? 
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1.  To  the  reiiitance  which  the  wire  oppoeet  to  the  paeeage  qf 
the  electricity  : 

2.  To  the  square  of  the  intensity  of  the  current  The  inten- 
sity of  a  current  is  measured  by  ilie  quantity  of  water  which  it 
will  decompose  in  a  given  time. 

For  a  given  quantity  of  electricity,  the  elevation  of  tempera- 
ture at  different  points  on  a  conducting  wire,  is  in  the  inverse  ra- 
tio of  the  fourth  power  of  its  diameter. 

Draper  has  applied  the  co-efficient  of  expansion  to  determine 
the  degree  of  heat  corresponding  to  a  particular  color.   (619.) 

990.  Th9  chrnnioal  effsota  of  tbe  pile  are  most  wondeiful,  and 
the  present  advanced  state  of  chemical  science  is  largely  attrib- 
utable to  the  flood  of  light  shed  by  the  researdies  of  Davy  and 
Faraday  upon  the  electrical  relations  of  the  elements  and  the 
decomposition  of  compounds  by  the  Voltaic  circuit 

In  1800,  immediately  after  Volta's  announoement  to  Sir  Joseph 
Bank's  (967)  of  his  discovery  of  the  pile,  Messrs.  Nicholson  and  Car- 
lisle, eonstmoted  the  first  pile  in  England,  coni&stiDg  of  thirty-siz  half 
crowns,  with  as  many  discs  of  zinc  and  pasteboard,  soaked  in  salt 
water.  Observing  gas  bubbles  arise  when  the  wires  of  this  pile  were 
immersed  in  water,  Nicholson  covered  them  with  a  glass  tube  filled 
with  water,  and  on  the  second  of  May,  1800,  completed  the  splendid 
discovery,  that  the  Voltaic  current  had  the  power  to  decompose  wa- 
ter and  other  chemical  componnda  Stimulated  by  so  fine  a  result, 
chemists  and  phydcists  everywhere  repeated  tlie  experiment,  per- 
fecting the  methods  of  obtaining  both  the  oxygen  and  the  hydrogen 
gases  in  a  separate  condition.  The  chemical  theory  of  the  pile,  ori- 
ginally advanced  by  Fabbroni,  a  countryman  of  Volte's,  some  years 
before,  was  taken  up  and  ardently  advocated  by  Davy,  who,  in  1801, 
had  succeeded  to  a  place  in  the  laboratory  of  the  Royal  Institution : 
where,  on  the  6th  of  October,  1807,  he  made,  by  Uie  Voltaic  pile, 
the  memorable  discovery  of  potassium,  the  metallic  base  of  potassa, 
before  regarded  as  a  simple  substance ;  and  soon  after  establidied  the 
startling  truth  that  all  the  earths  and  alkalies,  until  then  esteemed 
simple  substances — the  whole  crust  of  the  globe  in  fact— were  oxyds 
of  metals,  whose  existence  had  hitherto  been  unsuspected. 

991.  EloctrolysiB  of  wat«r^— ^Voltam«t«r^— The  Voltaic  de- 
composition, or  electrolysis  (984)  of  water  is  the  finest  possible 
illustration  of  the  chemical  power  of  the  pile.  Water  is  a  com- 
pound of  oxygen  and  hydrogen  gases,  in  the  proportions  of  one 

Give  the  resulting  Uws  t  090.  What  is  said  of  its  chemieal  tffeelat 
W ho  first  olieervcd  them  t    What  is  said  of  Davy's  resnlto  t 

27» 


iMMnra  (rf  the  former  to  two  of  th«  latter.     Wb«n  trt  (H« 

■jlnttmim  wires  tcre  connected  with  4he  opposite  dxta  <f  Ivto 
tarT*,  and  lield  ft  short  distance  asunder  is  ^aapoCwtt^tl^ 
et  gtf-bnbblea  will  be  seen  rislDf;  from  «idi  aiAmfafl^lttt 

616  Burfcce,      If  the  electradev  an    '   ■  ■tW' 

not  of  gotd  or  platiiimn,  th»U^ 
gen  combiua  wttfa  ttamv  *■*' 
mily  hydrogen  flM^M^  iW  te 
NSctioleon'i  otigtaal  inpillM*<i 
With  two ^antamfUettmwf 
the  platinum  polee,  8g,  «18,  we 
'  oan  collect  these  bubbles  u  tb^ 
rise.  The  gas  (hydrogen)  giT** 
>  4.  off  from  tfae  negstiTC  electrode  is 
twice  the  volntne  of  that  obtain- 

ed  from  the  poBitire.     When  the 

taibM  m  of  the  suae  siae,  this  difierenoB 
twoonee  at  once  evident  to  the  eye.  By  exun- 
ining  these  )^cs,  we  shall  find  them,  respect- 

irely,  pure  hydrofren  and  oxygen,  in  the  pro-  

portion  of  two  volumes  of  tlie  former  to  one  of  th«  Utter.  Agne- 
ably  to  principles  already  explained,  (681,)  the  ozygm  (electa- 
negative)  appears  at  the  +  electrode,  and  the  hydrogen  (dectn- 
positive)  appears  at  the  —  electrode.  The  ra.piditT  of  the  d^ 
composition  is  greater  when  the  water  is  made  a  better  ctlodIl^ 
tor,  by  adding  a  few  drops  of  sulphuric  acid ;  and  tin-  rapid  d» 
trolyscs  the  number  of  couples  in  the  eeriea  should  be  incr^wd 
to  overcome,  by  superior  tension,  the  low  conducting  powff 
and  chemical  affinity  of  the  electrolyte.  If  %  single  tube  ody 
covers  both  electrodes,  as  in  fig.  617,  the  total  electrical  eflfaet  k 
easily  measured  by  the  graduation  of  Uie  tube^  the  quantity  of 
gases  given  off  in  a  unit  of  time  being  directly  as  the  cumnt 
CIS  The  eonteoti  of  thU  tube  will  explode  if  a  Ugbt- 

ed   inntili   ia  applied  to  them,   or  if  an   dcctric 
Bjinrlt  pii'Bes  throegh  them.    8ncb  an  initnimriitil 
a  Vtllamiler.     A  convenient  form   of  thii    indra> 
laent  ia  teen  in  fig.  618,  made  of  a  commoii  bottle 
ividi  acid  water;  the  platina  eleetrodea  pSM 
BUgii  the  cork  and  end  in  two  plate*  of  platlaa, 
tciit  gas   tnbe  of  glan  conrey*  off  the 
iting  gUM  as  fast  aa  they  an  erolved  by 
'iha  electroljiia 


990.  Deecribe  the  eleclrolyns  of  w 


Wliat  it  K  Vo1tiimel«rt 


BucnoLTm  or  salts. 

.992.  XiMiB  cf  mlmdbccljwiM, — From  a  great  number  elaborate 
experimenta,  the  aoouFacy  of  which  remains  unshaken,  Faraday 
has  deduced  the  following  general  laws  of  electrolysis. 

Isi  The  quantity  of  any  giren  electrolyte,  resolved  into  its 
constituents  by  a  current  of  electricity,  depends  solely  on  the 
amount  of  electricity  passing  through  it,  and  is  independent  of 
the  form  of  apparatus  used,  the  sice  or  dimensions  of  the  elec- 
trodesi,  the  strength  of  the  scAutioo,  or  any  other  circumstance. 
Hence,  the  amount  of  water  decomposed  in  a  given  time  in  the 
Voltameter,  is  an  exact  measure  of  the  quantity  of  electricity 
set  in  motion. 

2d.  In  every  case  of  electrolysis,  the  elements  an  separated 
in  equivalent  or  atomic  proportions,  and  when  the  same  current 
passes  in  succession  through  several  electrolytes  in  the  same  cir- 
cuit, the  whole  series  of  elements  set  free  are  also  in  atomic  pro- 
portions to  each  other.  Faraday  hence  infers  that  the  amount 
of  electricity  required  to  resolve  a  chemical  combination,  is  in 
constant  proportion  to  the  force  of  chemical  affinity  by  which 
its  elements  are  united. 

8d.  The  oxydation  of  an  atom  of  zinc  in  the  battery,  generates 
exactly  so  much  electricity  as  is  required  to  resolve  an  atom  of 
water  into  its  elements.  Thus  8*45  grains  of  zinc  dissolved  in 
the  battery,  occasions  the  electrolysis  of  2*35  grains  of  water. 
But  these  numbers  are  in  the  ratio  of  82*5  :  9  the  equivalents, 
respectively,  of  zinc  and  of  water.  Hence  follow  these  corollaries : 
IHrst,  that  the  source  of  Voltaic  electricity  in  the  pile  is  chemical 
action  solely.  Secondly^  that  the  forces  termed  chemical  affinity 
and  electricity,  are  one  and  tlie  same. 

One  or  two  additional  illustrations  of  these  laws  will  be  in- 
structive here. 

998.  Bleotrolysis  of  saHsr— In  the  bent  tube,  B  A,  fig.  6 1 9,  put 
a  solution  of  any  neutral  salt ;  i,  &,  sulphate  of  soda,  and  diffuse 
the  blue  tincture  of  a  purple  cabbage  in  the  liquid.  •Let  the  cur- 
rent of  a  Voltaic  pile  communicate  with  tliis  saline  solution  by 
two  platinum  wires,  dipping  into  the  legs  of  the  tube — presently 
the  blue  color  of  the  solution  is  changed  on  the  positive  side  for 
red,  and  the  negative  fur  green,  indicating  the  presence  of  an 
acid  set  free  in  A,  and  of  an  alkali  in  B.  If  the  action  is  kept 
up,  the  whole  of  the  blue  liquid  is  changed  to  red  and  green. 

992  Wlio  eftUl»ruhe<1  the  Iawi  of  eleotrolyBinT  What  is  the  first 
lawt  Whiit  U  the  2d  Uwf  What  tlie  Sd  t  lllaMmte  these. 
What  corollaries  follow  f    998.  Describe  the  electrolysis  of  snlta. 


ttOBof  tiMeamnt;  fnHatlftlMndaadpvMd 


aJhteUr,  vUlt' ths  BodapndDMinllm — rid»fb 

9«vtlnt    " ^■"--■^  -  f    — Y'-rtu  jif 

tato  of  lead,  ia  oud  in  ^  J;  Oam  on  th«  —  aldi 

p«r  or  leftd  ia  erolved,  while  on  th«  -f-  sido  is  the  ft«e  Mjd  brflii 

in  combination  in  the  salt. 

A  more  mrpriBing  example  of  the  appMrent  b«nifer  of  el^eati 
under  the  power  of  the  ToHwi 
current  UiUiutnted  in  Sg.  §», 
where  in  the  center  glaH,  M,  rf 
the  three  wine  g'lnoi.  A  M  C 
iiteolatiotiofaiilpfaAteof  ndi^ 
while  A  end  C  eoDtaLa  odt 
pure  water,  blaed  with  ^>Iag« 
tinetare.  Filanenta  of  ncM 
cotton  wick  eonneet  the  thne 
glanes,  sod  the  clectrodte  are  introduced  into  A  and  C,  when  Ih* 
■ame  lerlesof  ch&nges,  already  dcMribad  in  fig- 019,  take  pUce,  wid 
the  ume  revarsaU  when  tho  electrodes  are  transferred.  S  Noaiai 
apparentlj  nnohanged  while  C  ii  reddened  end  A  beeomee  green,  or 
vice  Btrta.  There  a  in  fact  nothing  mare  wonderful  in  tbia  caae  tlu> 
in  the  lut,  only  the  dliacetion  of  the  prooeea  into  three  partem  umImi 
the  resalt  •till  more  atriking.  Id  place  of  A,  B,  C,  any  nanihcr  of 
glaiaes,  with  dilfcreot  salte  and  compounds,  may  be  anhatltaMd, 
with  reiults  conformahte  to  the  law  In  993. 

994.  Blactr»4netallurgy. — The  eleotro^pei. — The  cold  cnat- 
ing  of  metals  bj  the  Voltaic  current,  ia  a  fine  example  of  the 
rich  gifts  made  by  abstract  science  to  the  practical  arts  of  life. 

OiTe  a  more  narpriung  example  with  three  glawea,  fig.  esi\ 


iii«UUic  copper  ia  oonaUatlf  tbrown  down  from  solntion,  of  a 
flim  and  flexible  textnre. 

Th«  Tsry  unpla  apparatni  Feqalr«d  to  ihow  Ui«m  ramlta  experi- 
menUiUy,  iiropr«MBt«dl]ithaft^flll.    ItlinoUi-  ftSl 

ing,  in  bat,  bnt  k  dngle  eall  of  Danitll'i  Utlery. 
A  glM*  tumbler,  3,  a  Mounon  lamp-olilinnay,  P, 
with  »  bUdder-ikla  lied  ovar  the  lower  end  end 
filled  with  dilate  nilpburio  udd,  u  all  the  appeia- 
ta«  required.  A  itroug  lolalion  of  anlphate  of 
copper  U  put  in  the  tumbler,  and  ■  xlno  rod,  Z,  i* 
Inserted  iu  F  ;  tbe  moulda,  or  oaka,  m  at,  are  ana- 
paoded  bj  wires  attached  to  the  binding  eeraw  of 
Z  Thai  arranged,  tbe  eopper  eoluUon  la  dowlj 
deoompoeed,  and  the  metal  la  evanly  and  firmly 
depodted  on  M,  M.  A  perfect  reTtrae  copy  of  at  j 
U  thn*  obtained  in  solid,  malleable  copper.  The 
back  ofwia  protected  by  Taniih,  to  prevent  the  adhesion  of  the  m» 
tallio  copper  to  It  In  thi«  manner  the  moat  elaborate  end  eoatly 
medals  are  easily  multiplied,  and  in  the  most  aeenrate  manner.  In 
pTBeUee,reTenecaHUBre>n»deinfii«blenet«lor  wazof  the  object  to 
be  copied,aDd  the  operation  iscondoeted  in  a  separate  cell,  coDtainiog 
only  the  sulphate  of  copper,  one  of  Smee's  batteriee  supplying  the 
power.  The  art  is  now  axtansirely  applied  to  plaUng  in  gold  and 
silTsr  from  th^  eolntiuns ;  the  metals  thus  deposited  adhering  per- 
fectly to  tba  matallio  surface  on  which  they  are  deposited,  provided 
theee  be  quite  clean  end  bright 

Ercn  alloys,  as  bronie,  brass,  and  German  silver,  may  be  deposited 
according  to  electrolytic  law. 

The  paaitive  aleetrodee  should  be  of  the  Huna  metal  as  that  in  so- 
luUon,  and  as  large  as  the  aurfaees  to  be  eoated,  and  theee  should  not 
be  larger  than  the  plates  of  the  luttery  funusblng  the  current 
Wood  cuts  and  printen'  types  are  thus  eopied.in  copper,  the  moulds 
taken  in  wax  from  tham  b^ug  made  conductors  by  dusting  over  the 
surface  with  extremely  flue  plumbago.  All  the  copper-plates  of  the 
charts  of  tlia  Coast  Burrey  are  reproduced  by  tlia  electrotype — the 
originals  are  never  used  in  the  prew,  but  only  t)ie  aopiee,  and  any  re- 
quired numl)cr  of  theu  may  be  produced  at  small  expense. — For  an 
instructive  aecouat  of  these  extensive  aleolrotype  ojMrations,  the 
student  is  ri-fvrred  to  an  elaborate  paper  by  the  Electrotypist  of 
the  Coast  Knrrcy,  Mr.  G.  Mathiot,  \lSilL  Jour.  [2]  xv.  Sua,)  in  which 
the  law  iif  Uhui  (tiMS)  is  applied  to  determine  the  electrical  condi- 
tiun*  ur  till*  iTii|Hirlaiit  )>ractlesl  problem. 


i8  known  to  tbe  ^hemista,  rtxy  tmiif  li-A 
Uatorf,  that  cert&in  metals,  u  gold,  bUyvp,  nnjipn  tm 
AoL,  me  def>oal«d  in  &  pore,  at '  rp^iiUtt^  Madflii^  fln 
MntionB,  wben  another  metal  waa  prwtB^  ir  •<«■  Ma 
irittwot  that  condition.  Thus  Ae  lead  li'ui.  fj.lj  JJ 
Ow'tiil  tree,  (<fr»^  /.Tdif,)  fte  sfh-flr  tr»^  (wi^r  iM^^M 
■0  mIM  bj  the  dchemisu,  ftaat  the  kppannt  grovAtfAM 
Mtali  out  of  thetr  Mlations,  and  in  tree^Gke  tmmt  ~' 
powth  We  now  knoir  to  he  Voltaic  depomUon. 

A  MlutloD  of  chlorid  of  gold  in  eUi«r.  hy  slov  chaaMi  l*- 
poiita  epootaneoiulj',  crjalals  of  fine  gwld,  in  drguit  Ma»Ikl 
grovthi ;  and  Liebig  h«a  bKowd  tu  bov  (o  f-repur«  «  a)<«r  wlalii^ 
wbicb.bf  tbeaid  of  an  esBenlial  oilM  n  reduc^ing  a^eat,  win  aoai^W 
wilha  film  ofBilrer  aothia  sb  Io  be  tranejwreiit.  and  •UU  so  tai^Ml 
M  to  reflect  light  more  perfe>^t1f  than  die  beat  morenria]  ■limn. 

A  dilnle  solutioa  of  acatate  of  lead,  (half  an  onnoa  t«  •  ^aut  if 
rain  walor.}  Hum ndera  all  its  lead  to  a  strip  of  lioe  hong  ta  Iha  «*■ 
Ulning  bottle, in  eiegaat  eiTnUUm  ptatoaj  ((JW  ajfci  Ifcfwai.l 
thii,  and  the  next  case,  are  true  Voltaio  mrealta,  while  la  tht  t«« 
fint  easca,  hydrogen  appean  to  sopplj  the  want  of  tiM  teeaBj  d<- 
meat  of  Voltaic  coaple.  Io  like  manner,  a  dOute  aolntion  of  -iii«t* 
of  uWer,  plaeed  over  meroar; ,  loon  deporila  all  tie  rilru"  ia  aa  ■■ 
boreecent  fonn  (ar6or  Diana)  on  the  mercnrj. 

Bat  the  moet  inatruotiTe  onee  of  this  kind  ii  when  a  bar  of  pnt 
tin  U  plaeed  nprigbt  in  a  tall  Teasel,  the  lower  half  uf  which  b  AIM 
with  a  saturated  solution  of  protochlorld  of  tin,  wbile  abore  It  nat) 
a  dilute  solution  of  the  seme  salt  The  bar  is  therefore  In  two  lal*- 
tioua  cheoiically  identical,  hut  phjalcall;  unlike.  Tlie  rendt  iia 
Voltaic  current,  by  wbleh  metallic  tin,  in  beautiful  brilliant  ^a(K 
i*  deposited  upon  the  upper  part  of  the  bar,  while  the  loww  part  b 
correspondingly  disMlred  by  the  free  eleetro-ncgatlre  elvaant  <f 
this  electrolysie. 

096.  Depoilt  of  metalUo  ozyda  and  HohlU^  tinga. — E.  Bee- 
qucrel  baa  shown  that  ozyd  of  lead  and  oxyd  ot  iron  naj 
bo  deposited  in  a  thin  film  on  the  Burbce  of  oxjdixablc 
metola  by  using  an  alkaline  solution  of  the  metallic  oxyd,  and 
making  the  plate  to  bo  ozydizcd  the  negative  electrode  of  a  con- 
stant battery  ;  a  deep  brown  ooating  of  the  osyd  IB  thus  depoa- 
ited  in  a  few  minutes  so  firmly  as  to  withstand  the  action  of  the 
bumiiiher,  and  perfectly  protect  the  iron  or  steel  flrom  atmea- 
pheric  action. 

996.  What  i«  said  of  the  depoait  of  metallic  oxyds — NohllPt  ringal 
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If  the  film  of  ozyd  of  iMd  it  Tory  thhi,  U  prMents,  ovar  •  tnthct 
of  polished  direr  or  iteel,  a  most  pleasing  exhibition  of  eolored 
rings,  analogoas  to  the  eolored  rings  of  Newton  Arom  thin  pistes, 
^887).  For  this  purpose  the  negaUre  electrode  is  made  of  a  thin 
platinom  wire,  protected  firom  the  solution  by  a  glass  tube,  except  at 
the  extremity,  where  a  mere  point  is  presented.  A  rim  of  wax  on 
the  edges  of  the  plate  retains  the  solution  of  potassa,  saturated  with 
ozyd  of  lead,  while  it  u  connected  on  the  positire  pole,  and  the  neg- 
ative point  is  held  for  a  few  seconds  with^  a  line  of  the  polished  sur- 
fiuse.  These  colored  rings  were  first  noticed  by  Hr.  Nobili,  whenca 
their  name. 

997.  Hie  phyridlogfoal  afieoti  of  the  Vottaio  pllo< — GalTanfs 
original  experiment,  (965,)  and  the  earlier  obseirations  of  Swam- 
medam  and  Sulzer,  of  two  metals  on  the  tongue,  (969,)  deserve 
to  be  remembered  as  being  our  earliest  knowledge  of  this  sub- 
ject From  a  small  number  of  pain,  the  dry  hand  grasping  the 
electrodes,  receives  no  sensation ;  number,  and  not  sise  of  elements, 
is  requisite  'for  the  physiological  effect  But  firom  a  column  of 
fifty  elements,  (966,)  or  still  more  fit>m  fifty  cups  of  Bunsen,  a 
smart  twinge  is  felt,  reaching  to  the  elbows,  or  if  the  hands  are 
moistened  with  saline  or  acid  water,  the  shock  will  be  felt  in  the 
shoulders.  This  shock  is  unlike  the  sharp  and  sudden  commo- 
tion fi*om  statical  electricity,  being  a  more  continued  sensation, 
accompanied,  during  the  continuance  of  the  current,  by  a  sense 
of  prickly  heat  on  the  surface.  But  it  is  only  at  the  making  and 
breaking  of  contact  that  a  ihoch  is  felt  Tf  the  battery  contains 
some  hundreds  of  couples  actively  excited,  the  shock  becomes 
painful,  or  even  fataL  It  may  be  passed  through  any  number  of 
persons  whose  moistened  hands  arc  firmly  joined,  but  it  is  sen- 
sibly less  acute  at  the  middle  of  such  a  circuit  than  to  those  at 
the  electrodes.  Even  after  death,  this  power  produces  spasmodic 
muscular  contractions,  efforts  to  rise,  and  contortions  of  the  fea- 
tures frightful  to  behold.  Persons  in  whom  animation  was  sus- 
pended, have  been  restored  by  the  influence  of  the  hydro-electric 
current  on  the  nervous  system.  When  the  current  follows  the 
ramifications  of  the  nerves,  the  effect  is  greater  than  when  it  is 
reversed,  an  important  circumstance  in  the  medical  application 
of  this  power,  for  which  subject,  reference  may  be  had  to  the 
works  Dr.  Wnu  F.  Channing,  and  of  Dr.  Q.  Bird. 

The  Henses  of  sights  hearing,  and  taste,  are  all  effected  by  a  Yol- 

997.  What  are  the  phy»ioIogical  effects  of  the  pilef    How  after 
dciith  I    What  senses  does  it  affect  T    lias  it  an  effect  on  vagetablaa  t 
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Mie  emreDt',  &  flaib  of  light,  a  roaring  ■oiuid,  and  a  MbM 
uTor  b«ing  received  when  the  abock  of  a,  mull  tintterjii  ) 
SDCCBKivel}',  througb  thu  eyes,  the  ears  and  tiie  toD^e. 

From  the  eTperimcnt*  of  E.  Becqaerel,  it  appears  that  ho 
jecte<l  to  a  gentle  eUctric  eurreal,  gcrrminat«  aooner  tlian  «Urrn» 
Von  Morura,  obaerrcd  lliat  plants  with  >  DiiJfcr  juice,  like  OttBk 
pkarliiacea.  do  not  bleed  after  a  powerFuI  electrical  «hock.o«i*^h 
■uggesta.    to  tbe  losi  of  contractile  power  in  tbe  plant. 

Certaia  aninnBla,  as  Uxe  Surinam  eel,  ISfftnautitt  tUtlrieuM.)  la 
torpedo,  or  numb-fish,  found  on  oi—  cuut,  posaeas,  in  tlinr  or; 
tion,  a  high  electrical  power,  and  are  perp«a«Ily  •rharg<4  atM 
batleritn. 

998.  The  magnetic  and  elsctrical  effect*  of  the  pOm,  bdn^  *>   I 
tho  subject  of  electro-dytiami        iresentl  j  to  b«  considertd  H)ft 
ntely.     It  is  sufficient  now  te  the  fundamentaj  &ct  ef  elw    ' 

tro-magnetism ;  namely,  tb  inductor  over  whi«h  »  TiMt 

623  current  ic  ng,  aflccts  a  freelj'  flntrrnHV* 

needle,  as  ain — ler  tuagnet  would  do.  If  fl*  < 
current  flows  from  the  +  to  the  —  of  the  b* 
terj,  (i.  «.  from  S.  to  N.J  over  a  nifCftir 
needle,  the  austral  or  N.  ptde  of  tlw  mfn* 
invariabl;  turns  to  the  left,  ■■  in  llg.  Ml 
The  fiirther  coaaider»tioo  <rf  thin  impcfttf 
and  deeply  interesting  subject  is  rtaeneJ  fer 
the  chapter  on  eUetro-dynamict. 

The  electrical  effects  of  the  pile  bare  been  aDoded  to  in  mb- 
tioDS  966,  967,  and  9T». 


999.  Three  TiewB.— a.  It  has  already  been  stated,  (SM  )  tW 
Yolla  and  his  school  ascribed  the  e&cta  of  the  pile  to  the  stn^la 
contact  of  unlike  metals,  each  decomposing  the  neutral  ak^ 
tricity  of  the  other,  and  arguing  that  the  diemical  action  at  th* 
battery  was  requisite  only  to  afford  conductors  for  the  electrici^, 
while  the  metallic  substances  remain  in  every  way  trndtaace^ 
they  are  supposed  to  discharge  into  each  other.  Accordii^  to 
this  hypothesis,  the  two  metals  are  in  opposite  electrical  stalai^ 
one  being  positive,  the  other  negative,  these  stetee  becomii^  st 
ooce  destroyed  by  the  intervening  fluii    This  theory  siiiimaiiil 


J  (Aetal     S».  ma 
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that  the  whole  eflbet  of  the  apptntiifl,  is  hut  ft  disttubttioe  and 
reproduction  of  electrical-  equilihrium.  It  cannot  be  maintained 
in  this  sense,  for  otherwise,  there  must  be  assumed  the  produc- 
tion of  a  continual  current,  flowing  on  against  a  constant  resist- 
ance without  any  consumption  of  the  generating  forca 

h.  On  the  other  hand  Fabbroni,  Davy,  Wollaston,  and  abo?e 
all  in  our  day,  Faraday,  De  la  Rive  and  Becquerel,  hare  sought 
to  establish  that  the  YoltMC  excitement  was  only  the  reciprocal 
of  the  chemical  action  and  as  this  was  more  intense,  and  porperly 
directed,  so  was  the  pile  more  poweriiiL  In  additi<m  to  the 
statements  and  arguments  already  adduced,  it  is  proper  here  to 
consider  the  ground  of  these  two  riews,  and  somewhat  more  in 
detail 

0.  A  third  view  or  theory  of  the  pile  has  been  adranced  by  M. 
Peschell,  which  he  calls  the  moUeular  theory^  and  which  rests 
on  a  sort  of  middle  ground  between  the  contact  and  the  chem- 
ical theories. 

1000.  Volta^  contaot  theory* — ^The  advocates  of  this  mode  of 
explaining  the  action  of  the  pile,  (embracing  neariy  the  whole 
body  of  the  German  physicits,)  contend  that  they  have  experi- 
mentally established  the  following  points  in  support  of  Volta's 
theory,  viz:  Ist,  that  Volta's  original  experiments  demonstrate 
the  fiu;t  beyond  question,  that  the  simple  contact  of  heterogeneous 
metals  does  produce  an  electrical  current  (966.)  2d,  that  in 
some  cases  when  a  purely  chemical  action  exists  between  a  fluid 
and  one  of  the  two  metals  immersed  in  it,  that  the  contact  of 
the  metals  arrests  this  action,  and  an  opposite  action  commences. 
8d,  that  there  are  even  cases  of  hydro-electric  combinations,  in 
which  electrical  action  exists,  without  any  chemical  action  what- 
ever on  the  electromotors.  4th,  the  advocates  of  this  view  fur- 
ther contend  that  chemical  action  is  never  the  primitive  cause  of 
electrical  excitement ;  although  some  do  not  question  the  influ- 
ence of  chemical  action  in  promoting  and  increasing  the  excite- 
ment originally  due  to  contact 

Since  scarcely  any  chemical  action,  or  none  at  all,  occurs  in  a 
constant  battery  without  contact,  it  is,  with  reason,  urged  that 
contact  of  the  heterogeneous  metals  is  the  one  indispensible 
prior  cause  of  the  Voltaic  current  Hence  the  real  difficulty 
seems  to  be,  to  decide  what  share  chemical  influence  really  has 
in  exciting  the  eletricil  action.    Want  of  space  prevents  our 

1000.  State  tlie  claims  of  Volta's  theory. 


if^  pair.  ftiBMd  of  two  ptate^ 


;\^ikm  adailMto 


All**  plitfMn  tibn^  thtt  llq^ 

IwraoC  flocCnl^fiiii  flni' 
(9tt,)  kndtiM 
teflM  dkoidflil  ffaeoiyoniM  pikt. 
■iiwiiiklili  nnnrliininn  tint  an  iipifrBlnm  iCrtii  iikiij  hii 
ieal  eqniyaient^  and  so  bring  tha  djacn—ion  down  to  tiM  rigi^ 
teal  of  the  balance,  the  ultima  ratio  of  ^emkte  and  pkjnaHL 
In  addition  to  the  laws  of  Faimdaj,  aJreadj  iduaoedi  at 
the  following — 

1002.  IrfKwi  of  the  dfaengaganiMit  of  •Isotiiotty  hf  ch^- 
oal  aodon,  first  stated  by  M.  Beoquo^ 

let  In  the  combination  of  oxygen  with  other  bodiea,  the  oxjpM 
takes  the  electro-positive  snbetance,  and  the  eombiiatible  the  ele^o- 
negatiye. 

Sd.  In  the  combination  of  an  acid  with  a  baae,  or  with  bodiei  thit 
aet  aa  each,  the  first  takes  the  positire  deetrieity,  and  the  aeeoad  tbe 
negatiye  electridty. 

Sd.  When  an  acid  acts  chemieally  on  a  metal,  the  acid  U  deftri- 
fied  positiyely,  and  the  metal  negatively :  this  is  a  conseqiMaet  of 
the  second  law. 

4th.  In  decompositions,  the  electrical  effeeta  are  the  rererse  of  th« 
preceding. 

6th.  In  double  decompositions,  the  eqnllibrinm  of  the  electrical 
forces  is  not  disturbed. 

1008.  The  quantity  of  oleotricifty  raqnlrad  to  prodnoe 
ioal  action  is  enormous,  compared  with  the  amount  of 


.'1001.  What  does  the  chemical  theory  assume  T  What  Is  D«  la 
Riye*s  demonstration  f  Wliat  basis  do  Faraday's  results  gire  f  1001. 
Qive  Beoqnerel's  five  lawa 
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■  electricity  cKsturbed  bj  the  oommon  frfctioDal  mKdiine.  Fara- 
I  day  has,  in  his  masteriy  way,  demonstrated  this  fiict  by  a  simple 
k    experiment. 

I  He  has  shown  that  the  quantity  of  yoltaio  electricity  requisite  for 
decomposing  one  grain  of  water,  would  be  soffieient  to  maintain  at 
a  red  heat,  (daring  three  minutes  forty-five  seconds,  the  time  requi- 
•ite  to  effect  the  perfect  decomposition  of  the  grain  of  water,)  a  wire 
of  plaUnum  one  one  hundredth  of  an  ineh  in  diameter.  The  quai^ 
tity  of  frictional  electricity  required  to  produce  the  same  effect, 
would  be  that  furnished  by  eight  hundred  thousand  discharges  of  a 
battery  of  Leyden  jars,  exposing  three  thousand  five  hundred  square 
inches  of  sur&oe,  charged  with  thirty  turns  of  a  powerful  electrical 
machine. 

M.  Becquerel,  by  a  different  mode  of  experiment,  arrived  at  nearly 
the  same  results.  Therefore,  to  decompose  a  grain  of  water,  requires 
an  amount  of  electricity  equal  to  that  fumiahed  by  the  discharge  of 
an  electric  pane  having  a  surface  of  thirty-two  acrea  '  Equal  to  a 
Tery  powerful  flash  of  lightning*.  '  This  view  of  the  subject  gives 
an  almost  overwhelming  idea  of  the  extraordinary  quantity  of  elec- 
tric power  which  naturally  belongs  to  the  particles  of  matter*.  (Far^ 
aday  Expt  Rea,  868 — 861.) 

1004.  Polarization  and  transfer  of  the  elements  of  a  Uqnid. — 

The  electro-chemical  theory  has  beeta  much  expanded  by  the  re- 
searches of  M.  De  la  Rive ;  he  explidns  the  phenomena  of  polariza- 
Uon  and  the  transfer  of  the  elements  of  a  liquid  in  the  following 
manner. 

His  theory  assumes  that  every  atom  has  two  poles,  contrary,  but  of 
the  same  force.  The  Afferent  kinds  of  atoms  differ  from  each  other  in 
that  some  have  a  more  powerful  polarity  than  othera  When  two 
Insulated  atoms  are  brought  near  each  other,  they  attract  each  other 
by  their  opposite  poles;  the  positive  pole  of  Uiat  which  has  the 
strongest  polarity  unites  with  the  negative  pole  of  that  which  has 
the  feeblest  polarity.  A  compound  atom,  when  insulated,  has  there- 
fore two  contrary  polarities  between  the  poles  of  a  pile ;  for  example, 
the  atom  is  so  arranged  that  its  +  pole  is  turned  to  the  platinum, 
(or  —  side,)  of  the  pile,  and  the  —  pole  is  turned  to  the  zinc,  (or  -f- 
side,)  of  the  pile. 

This  same  action  occurs  with  other  atoms,  so  that  there  is  pro- 
duced a  chain  of  polarized  particles  between  the  poles  of  the 
pile. 

1008.  Illustrate  the  quantity  of  electricity  required  to  produee 
chemical  action.  1004,  What  is  s^  of  the  polarintion  of  4ie  de- 
ments of  a  liquid  t 
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The  oxygen  of  the  particle  of  water  ncereBt  th«  dse.  bicai 
negative,  becauM  of  its  affinity  for  the  sine,  and  the  bydroca  > 
comes  poditive.    The  other  particles  of  water  become  •iaujiriy  •* 
trified  by  indaction,  but  the  platinum   haA  become  negaiiv*  h; : 
duction  from  the  zinc,  and  therefore  ia  in  a  condition  to  tak« irt 
poeitire  electricity  from  the  zinc  of  the  contiinioaa  hrdx^gvo.  *» 
aetion  now  rises  high  enough  for  the  sine  and  the  oxygen  to  Mola 
chemically  with  each  other.     The  oj^d  of  zinc  thus  Vormed  SmL^^t 
in  the  liquid,  (dilute  sulphuric  acid,)  and  is  thns  remored.    Bii'Ct 
particle  of  hydrogen  nearest  the  zinc,  now  seizes  theoppositdrfk 
txified  oxygen  of  the  adjacent  particle,  producing  a  frah  aScQ  i 
water.    Tlie  particle  of  hydrogen  which  terminates  the  (lov  iiclffr 
trically  neutralized  by  the  platinum,  to  which  it  imparts  iU  «xe« 
of  positive  electricity,  and  escapes   in  the   form  of  gas;  asd  oti? 
particles  of  water  are  continually  produced,  to  supply  the  plsfr  e 
those  decomposed,  and  thus  continuous  action  la  maintained.    7W 
changes,  continually  taking  place,  furnish  an  uninterrupted  flow  .i 
electricity,  which  is  conveniently  termed  a  Voltaic  current 

Other  instances  of  elovtrolysis  are  explained  in  a  similar  vsr. 

m 

1 0^5.  Chemical  affinity  and  molecular  attraction  distinguibed 

AcoMplinir  i<»  I»e  la  Kiv«.-,  and  in  8upp«irt  *if  the  view  of  tlie  r-.u::.; 
of  ati»m*.  tlu'ili^tinctiun  l"etWffU  chfinical  aftinitj-  ani]  riioU  ■J\%:  ^ 
traction   is  as  ft»liows:  chemical  affinity  is   the  uttraotii'n  »f  a*  '._• 
operatinir  by  tlnir  contrary  ik*ctric  jn-lt':..  wl»irh  oorjc  inTu  o-^:.:j.'" 
whiK'  i'hy.si.-al  attraction  rt"?ults  fr^ni  tlif  niiitnnl   attractive  a-*  - 
that  the  atouis  tx».Toi5e  ovi-r  each   otlur   in  \  irtut*  K.^f  iljiir  n.i*?"! 
This  lait  attraction  i-  novt-r  aMe  to  pro«iuce   ciintact.  l»eoa!;*i-  ■  f  *.i^ 
repulsive  force  of  tlie  vtlier  which  »'nveli.»p3  the-  ati»nj,  an*l  wLi-i..: 
crease.*  in  pr«.'iiorlioL  us  the  ^phc^e  which  se]>arutes  tlie  attr^-.tri  *: 
oviii  diniinirhi-5, 

lOiM).  Theory  of  Grotthuss  for  electro-chemical  decoapoii- 
tions. — Grotthuss,  who  wrote  on  the  pile  in  lSi»5,  in  aovniari'* 
with  the  then  prevailing  notions  of  the  t'lcctnjiit-s  >»ein^  /-.  '«•  ' 
a (fntrt ion  and  nj/uhion^  like  that  of  a  ma^ict,  cmiofiuii  '.N 
pole  from  whence  resinous  electricity  issues,  as  ailraoiin-'  hv 
droiren  and  re])elling  oxvjrt'n,  wliilc  that  from  which  vitrtxii- 
ekctricity  issues,  attracts  oxygen  and  repels  liy«irogcn. 

So  when  the  fonc  of  a  battrry  reaches  a  |M.int    adeiji:;;T«.  to  ?". 

electrolyrsisof  wuttT,  the  partielotif  watf-r.  a.  tic  ♦•-:>.  han  it-; .x*. 

gen  attracted  towards  the  -|-  pol--,  while  its  two  atom-*  »t'  liv.lr-j-i 


lo05.  Distinjriiiph  choinioal  atKnity  and  nioKcuIar  uttraetion.     l'."-' 
What  was  the  theory  <»f  (irotthu>?  ? 
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■  vt%  repelled  towsrdi  thoee  vhoee  oxygen  parts  nader  this  eieetriotl 

■  mttraction  from  its  own  stoms  of  hydrogen,  to  join  the  oxygen  of  a, 
B  producing  a  new  atom  of  water,  while  e  in  its  tnm  sends  its  oxygen 
I  to  join  the  hydrogen  of  b,  and  so  on  to  the  end  of  the  series^  when, 
i  finally,  arriving  at  the  other  electrode,  the  hydrogen  having  no  new 
I     atom  of  oxygen  to  join,  6S8 

,  it  b  given  off  at  the 
anode,  while  the  oxy- 
gen  appears  at  the  ca- 
thode. He  conceives  a 
similar  snccetsion  of ' 
decompodtions  and  re^ompositions  to  occur  in  every  electrolyte,  me- 
tallic salts,  and  oxyds,  and  thns  explains  why,  in  the  decomposition  of 
salts,  the  middle  glass  (998)  is  neither  reddened  or  made  green. 

1007.  Poioholl^  moloonlar  theory  of  the  pUo. — Resting  upon 
the  opinion  long  held  by  many  chemists,  that  those  forces  which 
lie  at  the  basis  of  adhesion,  and  those  which  cause  chemical  af- 
finity are  not  essentially  different,  Pcschell  holds  that — teJien 
electricity  is  generated  in  any  Voltaic  arrangement^  it  reeults 
from  a  molecular  change,  brought  about  in  the  touching  bodies 
by  the  adhesive  force  ichich  subsists  between  them. 

This  theory  poaisssoi  the  advantage,  that  no  new  power  need  be 
assumed  to  exist,  whereas  the  contact  theory  demands  the  existence 
of  an  '  sUetromstive  feres,*  of  which  we  know  nothing.  It  also 
accounts  for  the  production  of  electricity,  apart  from  any  chemical 
action.  In  common  with  the  chemical  hypothesis,  it  deduces  the 
phenomena  of  the  single  battery  from  the  molecular  forces ;  it  con- 
siders the  fluid  not  merely  as  a  conductor  of  electricity,  but  as  en- 
gaged in  its  production,  and  that  the  elements  of  the  battery,  by  the 
physical  changes  which  they  undergo,  are  the  actual  sources  of  elec- 
tricity ;  that  their  contact  renders  this  change  possible,  and  it  is, 
therefore,  the  oecasion,andnotthe  generating  caqse,by  which  the  elec- 
tricity is  produced.  By  this  view,  the  chemical  hypothesis  is  only  a 
special  case  of  the  molecular.  The  simultaneous  coomiencement  of 
chemical  action  with  the  development  of  electricity,  and  the  circum- 
stance that  the  chemical  intensity  of  a  simple  Voltaic  arrangement  in- 
creases and  decreases  as  the  chemical  action  on  the  fluid  conductor,  and 
on  the  elements  of  the  battery  is  greater  or  less,  fully  accords  with  the 
statements  of  this  theory.  It  follows,  hence,  that  the  electrical 
and  molecular  force  are  one  and  the  same,  and  Chat  the  latter  ap- 
pears as  electricity  whenever  it  passes  from  one  mode  of  operation 

1007.  Give  Penoheirs  molecular  theory.    In  what  reipaet  doii  it 

sustain  the  chemical  view  t 


iBl»  tiM  Qffcir,  m^^gn  «W»  * 
^ralo^  tad  10  optjrdlMi  A*  «b& 
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^*  . 


looa. 

i|fi^Bic8  dflfoied  to  Ami  TttttbuA' 
kh  are  whdly  unlike  tlM 
laie  iilwHHmw!in»  eC  e|e€troHfl(iyjjiiiici  my  aM  be 
the  ibllowiiig  gmvd  pcopoirfflo^ 

1.  Xfeiy  oondnotor,  ooaTejing  *; 
a  free  nee^e  ae  a  iiMi0ut  iroald  dou 

5.  Sleebic  onmnta  aflbct  mush  otfiar  Iftia 
8.  A  magMJ  acii  qgonaii  eletUki  cimwit 

would  haHiB'diNBi.  . 

4  Sleotric  corie&tB  In  ooadnotora  oaettt  wimiBt^ 
otiber  oondaetoA  within  fheir  hiflmwoeL 

6.  Magnets  excite  electric  currents,  and  all  tbe  tJiw  filial 
depending  upon  them. 

Hence,  when  magnetism  is  excited  bj  electric  cutrcDtSi  ll  ii 
called  electro-magnetiim :  and  inyerselj,  when  H^ftm^H  ev> 
rents  result  from  magnetism,  they  are  called  magneto  slmitnmi 
currents. 

It  ifl  impoBuble,  in  our  narrow  limits  of  epaee,  to  eondder  mA  d 
these  heads  in  detail  We  shall  endeavor,  howeTer,  to  prm&aifkm 
phenomena  and  their  applicaUtms  which  are  of  moat  geiicnd  jafaiat 

1009.  GSrated^  discovery.— In  1819-20,  Prx>f.  H«»»«  Cfanl- 
ian  (Ersted,  of  Copenhagen,  in  a  course  of  reaearches  upon  thi 
relation  of  the  Voltaic  apparatus  to  the  magnet,  made  diaoofwy 
of  the  fundamental  fact  of  the  electro-magnetism,  already 
(996. }  Many  physicists  had  before  sought  to  erolTe  tbe 
ena  of  magnetism  from  the  battery ;  but  in  rain,  because  they 
proceeded  without  connecting  the  poles  by  a  conductor,  in  wUdi 
case,  of  course,  (as  we  now  clearly  see,}  the  power  of  the  9pp^ 
ratus  is  dormant,  like  stagnant  statical  electricity  in  an  tinezcitBd 
conductor.  (Ersted  closed  the  battery  circuit  5y  a  eanduUer^ 
and  therein  exactly  rests  his  discovery.    He  found  when  sndi 


1008.  What  is  eleetro-dynamies  t  What  are  its  general  lawtl 
What  two  sab-diTisions  are  named  f  1009.  What  was  CBnud^dte- 
coyery  f    On  what  did  it  depend  T 


/ 


(EBSTBD's  DI800TBRT. 


647 


624 


ft  conJuncti?6  wire  w»8  approached  to  a  free  needle,  that  the 
needle  was  influenced  by  it,  as  if  he  had  used  a  second  magnet : 
in  other  words,  the  conducting  wire,  of  whatsoever  metal  it 
might  happen  to  be,  had  itself  become  a  magnet 

If  positive  electricity  flows  from  south  to  north  over  a  hori- 
zontal conducting  wire, 
placed  in  the  magnetic 
meridian,  then  a  free  mag- 
netic needle,  h  a,  fig.  624, 
would  have  its  north  end, 
ft,  deflected  to  the  west,  if 
it  is  placed  helaw  the  con- 
ducting wire,  and  to  the 
e(ut  if  it  is  placed  above 
the  wire.  If  the  needle  is 
placed  on  the  east  side  of 
such  a  conductor,  its  north  end  it  d^ressed^  if  on  the  west  side 
of  the  wire,  the  north  end  of  the  needle  i$  raised.  Reversing 
the  direction  of  the  current^  reverses  all  these  movements. 

(Ersted  also  found  that  only  needles  of  steel  or  iron  were  thus  af- 
fected, and  not  those  of  brass,  lao,  and  other  non-magnetic  sobstances. 
ne  called  the  conductor  a  "  conjnnetivt  wire,*'  and  he  describes  the 
effect  of  the  electric  enrrent,  (or  the  '  electric  conflict'  as  he  calls  it,) 
as  resembling  c  helix  ;  and  that  it  is  not  confined  to  the  wire,  but 
radiates  an  influence  at  some  distance. 

The  effect  of  (Ersted's  discovery  was  truly  electric  The  scien- 
tific world  was  ripe  for  it,  and  the  truth  he  Uius  struck  out  was  in- 
stantly seized  upon  by  Arago,  Ampere,  Davy,  and  a  crowd  of  philos- 
ophers in  all  countries^  Tlie  activity  with  which  this  new  field  of 
research  has  been  cultivated,  has  never  relaxed,  even  to  this  hour ; 
while  it  has  borne  fruit  in  a  multitude  of  important  theoretical  and 
practical  truths,  and  above  all,  in  the  BUDcno-iuoirBno  tblmbaph, 
one  of  the  great  features  of  this  age. 

1010.  The  infliwBoe  of  tha  elactro-magiietio  cnrranft  ecBoitMl 
at  right  angles  to  thm  oounM  of  thm  coi^iiioCiwo  win, — ^Let  a  cur- 
rent flow  over  a  conductor  in  the  direction  of  the  arrow,  fig.  625, 
from  -f  to  — ;  a  small  bar  of  iron,  or  a  sewing  needle,  held  ver- 
tically before  this  wire,  becomes  instantly  a  magnet,  with  its  JV. 
pole  toward  the  earth — place  the  rod  of  iron  on  the  opposite  side 

Explain  the  action  of  the  conjuctive  wire.  What  further  it  said 
of  this  discovery  t  1010.  How  is  the  influence  of  the  current  «s« 
ertedT 
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of  the  conjuctive  wire,  and  its  polarity  is  instantly  reresrl 

Revolve  it  in  either  position  in  a  vertical  plane  at  ri^rbt  u.:.v 

to  the  conjunctive  wire,  and  the  induced  poles  will  reuiu  'jl: 

626  relation  to  the  current  in  every  posi-i 

5  ^  «•!  the  end  marked  north  in  the  tifj', 

+ ^ -=-  will  renoiain  north  at  every  point  cf  t. 

revolution.  If  a  steel  needle  is  os^  : 
retains  polarity  after  the  current  <»i*i 
to  act  on  it  If  the  bar  or  needle  be  laid  parallel  to  the  cob^i:' 
tive  wire,  then  the  tu)o  iide*  of  tho  needle  or  bar  have  oy^*CA 
polarities. 

Hence  it  folloiiFS  that  a  free  magneiie  needle  tends  to  pUee  ifc-: 
at  right  angles  lo  tlie  path  of  an  electro-mmgnetlc  current  traresis: 
a  eonjunctive  wire,  and  were  the  needle  free  from  the  flireeiiv^:c 
dency  of  terrestrial  magnetism,  it  would  ao  place  it*el£  The  «l«cw> 
magnetic  current  is  therefore  a  tmngentiai  force,  and  acto  Uing«n'd*u: 
upon  a  free  needle 

Simple  as  U  the  relation  between  the  electric  current  on  a  v.rf. 
and  tho  order  of  polarity  induced  l»3-  it  in  a  needle,  its  CMrr».-:-  \ 
pivsftii»ii  i#  always  dirtioult.  To  aid  its  o*.»rrvct  s-tai*  rizerjt  ?v-.- 
eiinplt.*  forimila,  AinpiTc*  lays  down  the  followiii:;  rule. 

7yuit  th'  north  }'olc  of  a  uvfjuct  U  uwariaftb/  thf,    *i.l  '.  • 
h/t  of  tfa-  furrtht  trlich  pa^'jftn  hctfttHi   t?ie  tu\,l'\  .*...,/  :\ 
Strcti\  irfu)   in  to  have   his  />u'C  toiC'inU  t/tc  fttfd/e^  *}:t   *.'  '    ' 
cur  rent  ln.in(j  sitpj'^tvul  to  cnhr  from  Ma  j\i,\  attJ  ;  ,4.r.<  .  :•    • 
hi!*  htiid. 

A  vorirn'atioii  of  these  cardinal  principles  hy  actual  -.xrv- 
mcnt  i.»i  tho  only  way  in  which  the  student   can  obtaijj  a  »*.. 
and  last  in;:  impression  of  them. 

loll.  Galvanometers  or  multipliers. — If  the  ooniixnot:\t.  w  r 
•»2ti  is  bent  into  a  re^'tangle.  fi-x."  r»*j»j.  .<■.  r-  t 

-carry  tho  current  <»nce  or  manv  v: :  • 
around  the  needle,  then  tlu-  I'lrcct  •!  ': 
same  fon-e  on  the  noeiUe  is  inult.'i.jii  !  : 
proportion  to  the  nnuiftor  ..f  c-iriv!-.. 
tions.  Thus  Srhwcii;;;t.r  i-..;.iri\c-!  h.- 
fiviltiplur.t'iQ.  0*20,  comjio^ied  «)f  a  flat  spool  i^ftiii.-  i«;,^i:.,:  .i 
copper  wire  within  which  the  needle  wa.^  sii>pfnd«iL  }\\  i^> 
means  a  very  fechle  current  hc<'ame  *juite  sen>i)de.  W .r  % .r!.:?  .rv 
purpt»scs,  a  few  turns,  or  it  may  !«•  tluve  huiMhvd  i.r  fuur  hiii  iv-  ; 


Kxplaiii  lh«'  riirht  (ini;lfd  iistlin'iiof  !»y  r«t'  nii.'i-  j...  j|».  .vj; 
did  AmiHTO  Ma\o  tho  ordor  of  polarity  1    lol  I.  Whai  i.-.s«'hu-..>j».' 
niultiplior  f 
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coavolntions  Bufilce ;  bat  for  particular  purposes,  and  where  Uie 
current  ia  Terjr  fe«ble,  many  thousand  feet  of  very  fine  wire  are  used. 

Id  ffMlCt  deublt  galvatmmeler  an  MUtie  flS7 

iiMdle(Sa3,)Uiued,iiiwbioh  the  needle*  a  b, 
h'  a*,  fig.  flSI,  are  not  quite  «qiuil,  leavln);  a 
7ei7>lig;btdireatlTefonMon1y.  Fig.628Klitiws 
tlila  delicate  initniment  in  it*  most  perfect 
fonn,a*aMdindet«nniniDgtlielawioftraiia- 
miuion  of  hMt,  (SM,)  as  well  aa  for  other 
pnrpoiea  demanding  a  very  Momttve  initru- 
mcnti     Only  llie  lower  and  itronger  needle 
ia  inoloMd  in  the  helix.  D,  while  the  eygtem~ 
ia  raspended  by  a  fibre  of  raw  eilk.  beneath 
a  glaaa  abide,  lereled  by  three  acraw  " 
are  scan  at  B  H,  while  by  the  head, 
F,  the  whole  Instrnment  may  be 
reroWed  bo  aa  to  bring  the  wires 
of  the    ipool  parallel  to  the  ans- 
pended  needle  at  rest,  which  la  the 
poaitioD  of  greatest  eeDeitiveneea. 
The  aeDsitiTengu  of  snch  an  ar- 
rangement ia  very  great    Snppoee, 
for  example,  there  are  five  hnnd- 
rad  reTolatioDi  In  the  coil,  then 
the  lower  needle  ia  aeted  on  on* 
thoueand  timea,  and  the  upper  one 
five  hundred  Umee  by  any  given 
enrrent;  or  the  original   force  of 
the  current   la  mnlUplied   fifteen 
hundred  timea.     But  the'directing 
force  of  the  earth'*  magneUem  on 
a  given  needle  la  proportional  to 
the   aqiiare*  of  the  vibration*   i 
makea,(S»0.)    If ow,  aaaumlng  that  |j 
the  needle*  ^one  mad*  iixty  v' 
bratlon*  in  aminute,  endaaartati 
needle*   only  ten,  then  we  have  /. 
8600  :  100  aa  the  nambera  repre-  ■ 
aenting  the  efTeet    of  terreab^al  ' 
raagnetlem  in  the  two  eaiea ;  or  it 
.  I*  thirty^ix  time*  leaa  in  the  aa- 
tatic  (y*t«in  than  in   the  almple 

Deaeribe  Hoblli's  galvanometer.     Uow  la  the  aenaltiveneae  of  it 
iilualratedt    Uow  maeh  iatha  deSaeting  power  of  th*  oorraDl  te- 


i' 

1:  J 


M.dl.^  ud  eoiiMqneaUy,  the  ,!«,««  enirent  wfll  rf«tlb«ic:t 
lix  tun«e  more  tlwD  if  they  wore  n 
«t  the  cmrent  in  qu«tio 
T«nometvr,  1300  x  36  =  M.OOO  ti 
lOia.  Th*  U 


n  TiU  therefore  l«  ijicwMtd  hj  foji .  a 


instmnieat,  invented  bj  H.  PouUlet,  is  dotigned  to  m. 

mMM  pMi  mUmitr  Oan  cm  be  nuMimd  bj  il»  nm, 
t-hwu-mMtr.  It  d.poid.  on  a,,  „i.bl»h.d  principle  lb.  4 
dmB»n  of  th,  n«rfli  Tl.  „gi,  „,  d„i.ir„  b,™  S, 
nd  t«o»qno,tlj  ,1.  sme,  <h,  !„,.„„■,,.  „,  a,.  ourr™i  Is  • 
pnKed  m  tcTTnt  of  the  sina 

n».  e-9  Ao,.  the  .rrmng«nent  of  tii,  inrtmmeB,  ia  ,bkk  £ 
cBtreut.  enlenng  by  the  wndDetor*.  »  ^  through  the  iTorv  pW«  , 
629^  difoLitee   .   Uw  time.   only.  «»«& 

only  once.  oT«  the  TeKkJ  eir*,J 
Plwed  ID  the  magnetic  neridiu.  11 
negative  needle,  m.  i,  d<.fl«cted  nr-t :; 
hon^ontul  cLrvU.  ,.,  in  pr,.fK.rJ..=  ..- 
the  currtiit   iu   ■  iiu.i  i  t  ■ 


o.-miiJi,  with  the  pi,r 
r  m.ond  this  ai,«ul„r  Ji.;»E* 
V..1  off  l.y  the  remier,  C  i;r-  r  ■ 
i:railnati'd    circle.   //     Tlii!   ■ 

uf  instrunii^nt  ptPi.a.'; 

1013-  lUiMatat.— This  simple  contriTnnco  of  \Vhe«*i.->n*'' 
Forres  lo  introduce  a  longer  or  fhortiT  t\>n<iucting  wire  int^i  a-^ 
circuit,  the  intensity  of  which  it  is  proiniscd  to  measure  I>r  u\ 
galTUionicter. 

Since  the  intenrfly  of  the  enirenl  id  iQTen>ely  as  the  l^ncth  of  '.S 
iareui«.(l'Sfl,lwem«y,byin«reMins  or  diminishing  that  l«iirth.  ir 
duee  from  any  current  n  detf-rminatc  dovintion,  (?ay  Sir  )  ^.u  ihtia.' 
vancmeter.  Fii;.  ('.30  slinwi  lliis  «rriiDf;em.'nt.  i'ii[iij),,„.j  ^.f  ,,  . 
equal  and  [laralli-l  I'vlind.rs,  oni'  »■]'  wimd.  B,  and  ili^  otiior  ..f  in.:-' 
J.  supported  iu  a  framv-work  and  n  volviti^  vu  ilieir  cvntr<'^     B  • 
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proiidtd  with  a  ijAiwl  grooT«,  in  whieli  the  tona  of  a  copp«r  eon- 

dncting  -wire  may  be  lidd.     One  end  ot  thii  vire  it  at  a,  in  connes- 

tion  with  the  current  polo,  *    Tba  wire  may  all  be  woiinJ  on  B, 

In  whieh  «aM  the  cnrrant  pame»  throngh  Its  whole  len^h  and  e»- 

Mpea  at  a,  throDgh  the  metallie  630 

aooneetton  of  iu  end,  «,  with   A. 

If  it  is  desired  to  ihort^n  the  cou- 

dnetor,  the  handle,  d,  is  pat  on  ili<' 

ftsis,  e,  and  J  is  rerolvedrrom  l,/l. 

to  right,  until,  as  in  the  cnt.  orie* 

half,  for  example,  of  the  coudnt<..i' 

is  wound  on  A.  But  A  being  a  uw 

tallio  conductor,  the  earrent  pat..- 

to  a  by  the  shorteat  count,  and  li, 

only  part  of  the  wire  in  aotion   i 

what  remains  wound   on  B,  t>i>i 

this  qnaoUty  i«  read  off  by  an  in 

del  and   graduation  engraTed   oi 

the  farther  end*  of  the  cylinder*.    This  apparatus  Is  indispenaable  in 

Biaet  obeerraljona 
1014.  Ampera't  •lectto-nuigiMtlo  dlKowwIea  andtlMoiy. — 

Immediately  after  the  first  annoutiMment  of  (Ersted's  discovery 
of  the  magnetic  powers  of  a  conjuctive  wire,  Ampere,  one  of  the 
most  renowned  of  the  French  physicists,  (bom  17CC — died  183S,) 
commenced  a  Berios  of  experiments,  (Sept  1820,)  to  determine 
the  laws  concerned  in  these  curious  phenomena.  Of  throe  prin- 
cipal hypothoaes  which  he  framed  («  this  end,  he  finally  accepted 
and  demonstrated  the  following,  viz  : 

7^t  amagntt  u  eompoied  of  im^ependeut  eUmenU  or  moU- 
eiilet,  tsAvcA  act  at  \f  a  elottd  electric  circuit  existed  teithtn  each 
of  them:  in  other  wardt,  each  of  thete  mafnetie  moUevUtmay 
i»  reptaeed  by  a  conjunetite  leire  hent  on  iHelf,  in  whieh  a  e<m- 
ttant  ewrent  of  eUotrieity  U  mainlaintd,  at  ,flviit  a  voltaie 
eireuiL 

This  faypotheais  he  maintained  by  dngnlarly  ingenious  experi- 
menla,  many  of  which  were  the  direct  suggestiun  of  the  hypotheeii 
itself,  and  he  broaght  all,  by  his  power  of  mathenutical  analysia, 
into  exact  eonfbnnity  with  hli  theory.    This  theory  reeogniiee  only 

DeMribc  Its  nsc.  10H.  What  Is  mid  nf  Am|l>^re(  What  is  lli« 
hypothesi*  he  proTcd  renpeotlng  electro-magnrtiim  ?  How  did  b« 
Dujntdn  it  f  What  force*  does  it  aMiime  t  How  doeait  Ti«wma(> 
netal    What  eorallitry  foUowa  I 


«f  liw  concue  to  be  iltmial.  wUJe  ia  fig.  ess,  ibe  o^  «^ 
ifaif*  tb  cnmnts  to  be  mwsed,  ia  oatdbnnnj-  lo  Uw  b«  IM 


1  vatcr,  (wBiM-  with  M«> 

■owi  is  tli«  ArcMfasaf  tW  anw. 

liTc  vve  of  e«BTirf«1  Icn^,  ud  itwtetMiy  Ibe  vira  betwtaa  O* 
tVB  hudi,  l^pnad  it  tivnlld  to  I  r;  if  Ike  cwnal  h  flowt^k 
the  ^Mi  CnBtioa.  Uie  float  will  be  ttOmeled  to  tbe  win  ia  tW 
W-^:  iT  iHherwiit.  npnlNoo  b  wen.  If  th*  two  wii^  uv  b« 
panlU  t»  tacb  oUur.  then  tlu  moTabtf  convat  bm-Li  to  take  wp  ■ 
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position  of  panlleliBin,  or  one  in  which  the  two  cnrrenta  have  a  sim- 
ilar direction.  A  little  rectangular  frame  of  wood  8"  X  6",  may  be 
wound  with  ten  or  twelve  turns  of  fine  copper  wire,  covered  by  eilk 
in  the  manner  of  a  galvanometer,  and  its  free  ends  connected  with  a 
battery  will  give  a  stronger  current,  and  by  simply  turning  the 
frame  in  the  hand,  the  direction  of  the  current  is  reversed. 

RooEiB  oeaLLATiNO  SPIRAL,  fig.  684,  also  Illustrates  the  law  of  attrac- 
tion of  parallel  conductors.  Here  the  conduc-  684 
tor  is  coiled  into  a  spiral,  which  is  suspended 
fr^m  the  top  of  an  upright  metallic  stand- 
ard in  connection  with  one  pole  of  a  battery, 
while  the  other  end  dips  into  mercury  in  the 
glass,  in  connection  with  the  other  pole,  K, 
When  the  poles  are  joined,  each  turn  of  the 
spiral  attracts  the  next  turn,  shortening  the 
spiral,  and  breaking  the  connection  with  a 
spark.  The  weight  of  the  spiral  then  re- 
stores the  connection,  and  thus  a  continuous 
oscillating  movement  is  kept  up. 

1016.  We  add  the  following  general  propositions  on  this  subject, 
a.  Two  currents  following  each  other  in  the  same  direction,  ss 

also  different  parts  of  the  same  current,  repel  each  other. 

h.  Two  fixed  currents  of  equal  intensity,  flowing  near  and  par- 
allel to  each  other  in  opposite  directions,  (as  when  the  same  wire 
returns  on  itself  without  contact,)  exert  no  influence  on  a  fixed 
current  running  near  them :  in  other  words,  they  exactly  neu- 
tralize each  other,  and  their  effect  is  niL 

The  rotation  of  electric  conductors  about  magnets,  and  the  re- 
Terse  ;  the  rotation  of  a  magnet  on  its  own  axis  by  an  electric 
current,  and  the  rotation  of  electrical  conductors  about  each 
other,  are  all  points  most  Curious  and  instructive  to  trace,  did 
space  permit  The  student  will  find  these  principles  very  neatly 
illustrated  by  appropriate  apparatus  in  Davis'  Manual  of  Magne- 
tism. This  is  a  most  beautifiil  department  of  experimental 
physics,  and  one  to  which  the  researches  of  Henry,  Page,  and 
other  American  physicists,  have  made  very  important  additions. 

1017.  BaUz,  solenoid,  or  •lectro-djrnamio  spiraL — ^By  wind- 
ing the  conjunctive  wire  into  a  helix,  as  in  fig.  685,  and  carrying 
the  wire  back  again  through  the  axis  of  this  spiral,  C  B,  the  ef- 
fects of  the  ciuTcnt  from  ^  to  ^,  will  be  neutralized  by  its  re- 


IIow  does  Ro^et's  spiral  illuRtrate  these  lawst    1016.  What  two 
general  propositions  are  added  T 


654  ELECTRICITT. 

turn  from  Bio  C.  and  there  witt  renMiii  only  the  eflMtekb 

S3&  epiral  revolution  ifaMt  CI 

j_—  ,  J..-..      -*™Pere  called  Oib  Im  4 

effect     of   the    WUx   &• 
Tcoutid,  IE  reduced  solely  to  the  influence  of  a  series  of  Cfodarf 
parallel  droulnr  currents.     By  winding  the  silk  cortndvtok 
the  manner  shown  in  Ag.   Q3S,   the  two  ends  of  the  OoQ  ntn- 
<>36  turned  to  (he  wntetcfennQ; 

iLod  being  pointed  with  MM^ 
the  whole  system  eu  U  t» 
reniently  suspended,  m  in4( 
637,  upon  vhat  ta  oUbI  « 
1-^  Ampere's  fnia%  in  which  Ai 
of  the  current     from     tfas  haUMJ 
if  the  solenoid,  A  £,  swinf^  inMtIi 
m&gnctic  meridiiui,  wliilo  its  several  spires   uv  in  tbeplanirf 
the  magn<>tic   equator.     This  position  it  assumes   fai  obeditan 
637  to   the    solicitation  of  t«n»- 

trifti  mag^olisu  ;  consequoil- 
ly  it  simulates  in  all  rcspMtt 
the  character  of  a  mafoeCic 
noodle,  although  ppgECStrrf 
not  a  particle  of  iron  or  Et«d 
ill  its  structure.  If  a  seeced 
helix,  h,  through  which  ate  ■ 
^^^^  current  passes,    is   presenttd 

Ig.  887,  all  ihe  phenomena  of  attraction  and 
helioos  or  soIenoA 


arrows   show  the 
thus  Buspended 


>  magnets. 


to  tho  first, 

repulsion  wilt  be  seen,  the  action  of  thi 
being  to  each  other  esacUy  like  those  of  ti 
1018.  De  La  Rive's  floating  current,  al- 
ready explained  in  section  lOlB,  isalsowelli 
adapted  to  illuBtrnte  tho  Mlractive  and  re- 
pulsive influonco  of  a  magnet  on  a  &ee  Con~ 
juocUve  wire,  as  well  also  as  its  obedienee 
to  tho  solicitations  of  terrestrial  magnet- 
ism. For  this  purpose  tlio  conjuncUre 
wire  is  wound,  as  in  lig.  U38,  into  a  helix. 
Loll  to  itself,  tliis  appanituB  will  adjust 

lun.  What  r«8ulUif  tLu  n- ire  is  vouiid  i»  in  fig.  GXit  Wlut  a 
Hucb  ao  apparatus  called  F  IT  vuimil  aa  in  Sg.  030,  how  dnta  it  aat 
inlig.  tISTI  Bowisitaffecttfdby  a  tecoodhelixt  I0I8.  Bow  do« 
lij;.  flS8  illiutrata  tlieec  iiriiiclphd  I 
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as  the  Mlenoid  on  the  finune,  fig.  687,  and  will  obey  the  impnleeB 
of  a  magnetic  bar,  or  of  another  solenoid. 

lOlU  DireotiTe-aotion  of  the  earth. — ^These  effects  are  ex- 
pressed in  the  following  law : 

Terrestrial  magnetism  acts  upon  electric  currents  just  as  \f 
the  entire  globe  was  encircled  with  electric  currents  from  E.  to 
W,  in  lines  parallel  to  the  magnetic  equator. 

The  direction  in  which  these  currents  are  supposed  to  morals 
the  same  with  the  apparent  motion  of  the  sun,  and  the  one  in 
which  the  earth's  surfiuM  re<$eiYes  its  advancing  rays ;  and  since 
it  is  now  known  that  electrical  currents  generated  by  heat  exert 
precisely  the  same  influence  on  the  magnetic  needle  as  Voltaic 
currents  do,  therefore  it  has  been  inferred  that  the  thermal  ac- 
tion of  the  sun  is  the  generating  and  maintaining  cause  of  the 
eurrents  of  terrestrial  magnetism.  (896.) 

1020.  MMpu/dMing  by  the  hallz.— We  have  already  (901)  de- 
scribed a  mode  of  producing  magnets  from  an  electrical  current 
The  explanation  of  this,  after  all  that  has  been  said,  is  easy.     As 
each  volute  of  the  helix,  causing  an  electric  current,  is  an  active 
magnet,  it  is  easy  to  conceive  that  under  the  united  influence  of 
a  great  number  of  such  circular  and  parallel  currents,  the  coer- 
cive force  of  a  steel  bar,  or  bar  of  soft  iron,  should  be  decom- 
posed, and  active  magnetism  be  thus  induced,  permanent  or  tran- 
sient,  according  as  steel  or  iron  is  the  subject  of  experiment. 
Even  a  series  of  sparks  from  an  excited  electrical  machine,  passed 
through  a  helix,  will  magnetize  a  steel  needle. 

The  potiUoa  of  the  poles  in  a  bar  so  litaated  will  depend  on  the 
right-handed  or    left-  689 

handed  twist  of  the 
spire.  If  the  current 
flows  from  -|-  to  — , 
and  the  wire,  as  In  fig. 
689,  turns  from  left  to 
right,  (like  the  hands 
of  a  watch,)  then  the 

north  pole  of  the  mag-  540 

net  is  toward  the  left ;  but  if  the  spire  turns,  as  in  fig.  640,  from 
right  to  left,  or  ojiponite  to  the  hands  of  a  watch,  then  the  poles  are 


1019.  What  is  the  kw  of  the  earth's  action  on  electric  currents t 
Wlmt  i.4  the  dirsetiou  of  the  terrestrial  currenUf  What  general 
conclusion  follows  ?  1020.  Explain  the  magnetising  power  of  the 
helix.     What  determines  the  position  of  the  poles  in  a  helix  T 
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reTels«d.     "Let  a  peraon,"  itbti-rm  Fkradny,  "Im 
loolkicg  down  upDD  the  ilipping  nt^dle.  or  nortli  b 
unh,  sDiJ  then  let  )iim  ttiink  npoD   tlie  direetjoa  a 
Ihe  band  ut  a  watch,  or  of  a  screw  moring  dlraet ;  e 
direclioD  vould  crfBta  Eucli  b  magnet  ss  Uie  dippiiig  in 
If  Ibe  hi^lii  U  vound  on  a  tat>«  of  glass,  paper,  cr 

(Ml  eubatances  offer  no  reeUtancfl  ta  lk«  pMi^rfii  I 

:  but  if  a  tuba  of  copper  or  \mi  «■*• 
Bployed.  the  niagnetiijiig  power  nf  tb*  «<«<■«■ 
^  the  intloaeJ  liar  wonld  be  daalravol 

If  the  same  helix  is  wound   in  two  opfaribi 
rwtiuDii,  u  in   Gg   e4I,  then,  ■eeordi^la  ^*   I 
rection  earent.  there  will  be  •  pair  of  mAH*   I 
Bt  the  point  of  revernal  in  lite  «enlre,(w 
Boulh  oiioj.)  and  Ihe  Iwo  ends  wilt   have  the  f«m«  MnM.    Jl  W'   | 
Bl«el  pliioed  in  sncb  b  betii  irill  remaia  peruumvntlr  a*  •»•■ 
laagnet.  (^4.)    Reyeramg  tbe  position  of  the,  bar  in  tlicUu^i 
rening  the  position  of  the  electrode!  in  the  blndin^enp^waii* 

KxrEMnsrr. — If  a  short  coDJaaetii-e  wira«f«if 

iducting  metal.    U   etrewn  wilh  iron  £lmgt,^ 

will  arraiige  tliemselr^j  at  teen  is  i( 

bristling  as  in   the  ntign^" 


Lntom,      with 


na,)  but   in  <^)ose    coDc«Bbie  li 
U  diiponed  over  tlie  whole  lenglli  «f  tW 
■indMclor.    Tkis&cl  wacobMrridtf 
Arago.  in  1824.  and   bjr  others  bdim 
Uiespplk'utionuf  tlii'lnli^  to  tht-indiielionof  magneiioninaillJrB. 
Wlu'ii   tliB   lietii    i^  clofplv   wonnd  with  "— -j-tiirnri   iif  IwbliJ 
wa  wire,  uuJ  eitittd  b;  a  battery  of  considerable ^tw* 

titj,  a  cyliader  of  aoft  iron,  as  a  6,  in  fig.  M|,  will  ia 
Irawn  into  it  from  the  position  aeen  in  Ih*  figs^ 
sith  great  power,  and  after  MTeral  oteillatioca,  v3l 
!onie  to  rest  in  tbe  middle  of  it«  lengiL,  in  oppori- 
Uon  to  grsTity,  realiiing  tbe  fable  of  Uahomen 
cofGn,  fut^ndcd  in  mid  air  withont  liaiblepiippciTl 
J  This  faot  if  embraced  in  Dr.  Page's  eleotrOvougnMit 
engine,  fig  864. 

1021.  Blectro-magnela. — Pturgeon,  of  Engluid,   in  1825,  ap- 
pears to  hHTB  been  tlie  lirst  to  produce  Hoft  iron  clectro-magneti. 


Hoi 


»  Faradny  illui'tnite  Ihe  canee  of  the  current  t  Oow  it 
•lix  ia  wound,  m  In  Sf,  641  t  What  wa>  Arago'e  aanri- 
iw  doM  the  ht^lii  affect  an  iron  bar  ! 


'  Pn>£  Heniy,  and  Dr.  T«i  Eyek,  in  1880,  produced  «lectro-mtg- 
neta  of  enonnoiu  power  by  a  nev  mode  of  winding  the  inducing 
coiL  (Sill.  Jour,  [1]  xiz,  OU 

400.)  Blectro-m^neU 
are  wound  with  coila  of 
closely  paclced  and  inau- 
Uted  copper  wire,  rarj- 
ing  in  sise  and  length, 
according  to  the  uw  to 
be  made  of  them ;  fig. 
644,  ^towB  the  usual 
form  of  those  derigned 
to  Buabun  great  weights. 
The  epoolB  at  S,  are  Tir- 
tnallf  oontJDuatians  of 
one  spool,  and  the  direc- 
tion of  the  whorl  ia  ap- 
parently reversed  by  the 
bend  of  the  horse-shoe. 
If  a  lever  of  the  third 
order  (198)  is  used  as  a 
steelyard,  the  lumber  of 
heavy  weights  is  avoid- 
ed, and  the  power  of  the  { 
apparatus  easily  tested. 
ProC  Henry,  <hi  a  bar  of 
fifty-nine  Iba.  weight, 
used  twenty-six  coils  of  wiro,  thirteen  «>  e«ch  leg,  all  jmned  to 
a  common  conductor  by  their  opposite  ends,  and  having  an  ag- 
gregate length  of  seven  hundred  and  twenty-eight  feeL  This  ap- 
paratus, with  a  battery  of  four  and  aeven-ninths  feet  of  sorbce, 
suBtainedtwo  thousand  and  sixty-three  pounds  avoirdupois:  with 
a  little  larger  battery  surftce  it  sustained  twenty -five  hundred  lbs. 
Electro-magnets  develop  their  surprising  power  only  when  the 
armature  is  in  contact  with  the  poles,  a  bet  due  to  induction  ; 
without  their  armatures,  they  sustain  not  a  tenth  part  of  their 
maximum  load.  They  are  capable  of  over  saturation  by  an  ex- 
cess of  battery  power,  and  retain  a  remarkable  residual  force 


1i)i!l.  Who  maile  the  tint  el.'ctr 
What  i>  ni'l  of  llanry'tf     When 
of  their  polarity  I     wbi 
law*  haa  Ouli  Mtabl'uhed  I 


m^g, 


leU  t  Ilov  arethMewouDdl 

r  power  devetupedl    What 

cireatiutancet  affaot  their  power  t     What 
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(due  to  induction)  after  that  has  been  cut  off,  MliMBMtbtata  I 
is  in  place,  but  ae  soun  as  the  armature  is  detedwd,  the  wM'  I 
this  magnetiEm  is  lost.  Their  poliuity  i! 
by  reversing  the  poles  of  Iho  li.tttery.  This  coiiipMen 
dinte  paralysis  and  reversal  of  power,  renders  tbtae  nw 
incBtiiuable  value  in  dynamical  electricity. 

The  ehlist  circuDutaoces  sfTucting  tli?  prodnctiofi  of  clei 
nets  arc,  1st,  the  quality  oftbv  iron,  which  abuuld  (miImh 
purest  poBuble,  and  tlic  bar,  if  bent  aiid  hBtiiiotT«d,  aliM 
wards  be  most  Mrefully  annoaled  for  >  long  tiina.  ad,  tha  k»4  1 
the  bar.  Dab  boa  ahann,  that  other  thinga  bcung  eqnal,  iktMf*  I 
or  on  electro-magnet  is  proporlionsl  to  the  aqoare  root  cf  (Iw  ^ 
etar  of  the  cylinder,  and  ooDseqneatly  for  magnela  dtifwillij  B 
great  weigliic,  short  and  thick  cylitulera  are  preferabla.  td,«Mi 
giren  battery  powpr,  Henry,  (ioe.  ett)  demooBtnitcd  that  a  iriitd 
ahort  coils  of  thick  vire  produced  tbe  greouat  effect.  Bat  iaai 
of  feeble  currents,  aa  in  the  electro^uagoetJo  lolc^nph,  laag  Ml 
fine  copper  wire  producve,  oa  the  principle  of  the  Kaliaiiiinaf. 


the  best  results ;  ths  effect  being  i 
vindings.    Tlie  latent  researches  on  tl 
by  Dr.  L'ub,  abstracts  of  uhoae  retulla 


i  eqoare  of  the  i 

most  ttnportaut  eabJHtiR 

D  be  Been  in  SiUimanV  i(«r 


a  placed     Ike 


Ilr.  Page,  in  his  experiiuenU  on  alee Iro-m ago etiatn  as  a  nuTi^ 
power,  oonatructed  eoils  wbieh  raised  cylinders  of  iron  ircigUM 
over  ui  hundred  pooods  each.  On  the  poles  of  a  horse-shoe  m^ 
net,  witli  an  armature,  sucii  coiU  could  Uft  an  iDcreJible  vaght. 

102S.  mbrationi  asd  musical  tones  troxa  Indued  ■ 
Dr.  Page,  in  18S7,  noticed  the  production  of  a  moi 
a  niagnel,  betweeu  the  poles  of  which  a  Hat  apirai  n 
Eouad  was  heard  whenerer  contact  was  made  or  broken  bet  wean  Ik 
coil  and  the  battery.  Two  ootel  were  distingaiahe-l,  one  the  pnpst 
[nu<ucal  tone  ot  the  msgnet,  and  tlie  other  an  oetaTe  higher.  !>■  Lt 
Rive.  Delezcaoe,  and  others,  have  confirmed  and  extended  these  (•- 
rious  DliiLTvatlouB.  The  existence  of  molecular  diaturbanee  in  n- 
ceiviEg  and  parting  with  msgnetie  indnotion,  has  been  fanhsr  illv- 
trated  by  the  »auie  itijjeuluua  obicrver,  by  the  viliralions  imMrtsd 
to  Trevcllyan'i  bars  by  llie  current  from  two  or  Uiree  cells  tt 
Grove's  battery.  [SilL  Jour,  [i]  ii,  lOB.)  Trevellyan'e  bara  are  j^i*. 
mnlic  bars  of  hroM.  hollow  on  one  side,  bo  a.4  to  rest  by  sharp  edna 
on  blocks  of  lead.  When  theae  are  gently  warmed,  and  thea  laid 
upon  the  leaden  blocks,  the  unequal  eipansioD  aod  coDtrBction  uf  tha 

lOaa.  WhotiBasid  of  the  vibrations  of  magnet*  r  Wliat  other 
example  of  el»ctro  ntagnetie  vibrations  i*  given  I 
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two  metaji,  gira  the  brut  bftrs  m  slight  motion  of  Tibntion,  du«  to 
moUcnUr  distnrbBDca  by  heat.  A  TolUio  cairenti'ocoordiDg  to  Dr. 
Ftge'i  obaeriatioD,  produces  the  aama  effect  u  heot.  but  more  ra- 
mukably. 

1023.  Elaotro-BUigiMtlo  motloni  aad  maohuiloml  power. — The 
&dlit7  with  which  masses  of  soft  iron  mty  be  endued  with  enor- 
mous magnetic  power  by  currents  of  Voltaic  electricitj,  and 
again  discharged,  or  reversed  in  polarity,  has  led  to  numberless 
contrivances  to  use  this  power  as  a  mechanical  agent  A  great 
Tkriet;  of  pleasing  and  instructive  models  of  such  machines, 
with  the  use  hoth  of  permanent  magnets  and  of  electro-magnetic 
armaturee,  or  of  electro-magnets  only,  are  described  in  Davis's 
Manual  of  Magnetism. 

We  annex  a  figure  of  an  electro-magnetic  engine,  contrived  by 
Dr.  Page,  similar  to  one  by  which  he  obtained  a  usefiil  effect  of 
ten  horse-power,  in  driving  machinery  and  transportinga  railway 
trun.    A  and  B,  fig.  646,  are  two  vOy  powerfiil  helices  of  insu- 


640 


lated  copper  wire,  within  which  are  two  heavy  cylinders  of  soft 
iron,  C  D,  counter-balsnoed  on  the  ends  of  a  beam,  6  F  I,  like 
the  working  beam  of  a  steam  engine.  By  the  movement  of  an 
eccentric,  L,  on  the  main  shaft  of  the  fly  wheel,  the  poles  are 
changed,  at  the  moment,  to  magnetize  and  de-magnetite,  alter- 
nately, the  two  helices,  drawing  into  them  the  two  soft  iron  cyl- 
inders, by  a  force  of  many  hundred  pounds.  Prof.  W.  B.  John- 
son tested  the  force  of  an  engine  of  this  kind  built  by  Dr.  Page 
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4^^^^  Two  powerful  inducing  coils,  ^and  Jf,  surround  two 
' '  '  cylinders  of  soft  iron,  8  and  Q.  The  current  enters  the 
^^kt^a  by  A,  and  following  the  direction  of  the  arrows,  returns 
.  *ik^  The  two  coils  slide  in  the  groove  in  the  base,  K^  on  the 
^^«|upports,  0  0,  BO  that  they  may  be  approached  or  witli- 
^  '4ii  at  pleasure  by  turning  the  screws  mm,  A  commutator, 
^'  %HC«miptor  of  the  current,  is  arranged  at  if  ».  At  a  and  b 
'"*'%wro  NicoFs  prisms,  (859,)  of  which  a  has  a  Temier  or  index, 
^i^iQg  the  degrees  on  the  graduated  circle,  P.  To  make  the  ez- 
^^Mmneni,  a  piece  of  heavy  glass,  e,  or  silicious-borate  of  lead  is 
^4ioed  on  a  support  between  the  poles  5  and  Q.  A  ray  of  polar- 
^ttmi  light  is  then  transmitted  from  the  candle  at  5,  through  the 
in  the  axis  of  the  poles.  When  the  current  is  applied,  the 
of  light  appears  to  be  revolved,  similarly  to  the  effect  pro- 
^iMeed  on  poUrixed  light  by  quartz,  or  oil  of  turpentine.  A 
(piteat  number  of  other  solids  and  liquids  are  found  to  act  in  a 
hke  manner,  but  to  a  less  degree,  than  in  the  case  of  *  heavy 
■Hms.'  As  no  rotation  of  the  ray  takes  place  unless  there  is  »ome 
^^ium  on  which  the  magnetism  may  act,  it  has  been  argued  with 
lome  force  by  M.  Becquerel  and  others,  that  the  action  is  wholly 
Que  to  a  molecular  change  in  the  solid  under  experiment  A  re- 
Tersal  however  of  the  direction  in  which  the  ray  travels,  reverses 
the  direction  of  rotation  in  the  polarized  ray,  a  circumstance  not 
fbund  in  bodies  in  the  natural  state.  This  apparatus  also  serves 
to  illustrate  the  phenomena  of  diamagnetism. 

1025.  Dlamagnatiam^-We  have  already,  (894,)  alluded  to  the 
action  of  magnetism  upon  all  bodies,  discov-  647 

ered  by  Dr.  Faraday,  in  1846,  a  discovery 
which  alone  would  place  its  author  in  the 
highest  rank  of  modem  philosophers.  By 
the  use  of  the  apparatus,  fig.  646,  he  prov^ 
that  every  substance  which  he  tried,  solid, 
fluid,  or  gaseous,  was  subject  to  magnetic  in- 
fluence, assuming  either  the  equatorial  or 
axial  position,  according  to  its  nature.  (804.) 
For  0olid^  and  pome  fluids,  lig.  648  shows  the 
arrangement  Two  bluntly  rounded  polar  pieces  of  soft  iron  arc  fit- 
ted  into  the  openings  of  Uie  spooL*.  3  and  ft  while  between  them  are 
suspended  on  a  A\k  fiber  cubes,  m,  or  short  ban  of  the  varioos  mag- 

1024.  What  ii»  the  nnqjose  of  fig.  640  f  Deaerll 
appanturif  1025.  What  is  said  of  diamagaati 
experiments  made  with  figi«.  647,  648. 


%9t  EixcntictTT. 

D«tie  (DetKU.b*iRanUi,  antimoDj,  copper.  Icsd,  tio,  A*    UlWfM  I 
qiinning  about  vbea  tba  cnnvnt  patBc*,  Uis  indiwd  miglu  ' 
648  resta  its  rooUon  in  «lial«T«r  pMICh 

be,  aailir  Ui«iii«t«l  iMitbalawrftM  I 
bAT,  it   reBt«  atbwsrt   tiie  aid*  lik*  •  «■  I 


iS^^ 


If  iioD-magiic4ie  liquid^  ai 
^K  ^^B  most  aalino  aalBtio<M  Tecaafatii  It  M  | 

m    II  i^ll ""*"  ***^"*- ^'"'" 

HHQI^^n  ti<i»g.  tike  m.   fig*.  SIT. 
^^■■^■^^H  air^cU-d.   .  If  thej-  u«  fin«d.  b 
^^^^"       ^^^^W  inagnel.io  solutiona,  tli«  lalts cf  ima, M 
or  cobalt,  tbej-  Uiea  nrrs^;*  tKeOidn 

nilcker  baa  shovn  that  If  UMMMlf 
Mlnliuiu  Br«  plao«d  in  wati'h  glasaec  upon  ibe  pol«^  S  9,  alilf 
H8,  lltat  arcordin^  as  tlie  pulM  are  naaivT  or  brtfacr  aNBte,  B* 
Dqidda  are  hmpoJ  up  in  ooe  or  two  eleratioat^  ■•  bi  jl  aai  Jl 

"Hia  flaiDe  of  »  candle  plained  bctweco  the   p4d«s^  S  Q^tg.  M>  ■ 
rtroDBlr  Kp«Hcd.  >  faet  fint  obaerved  bjr  Father  B— ^toi**C* 
noa,  and  tha  flainea  of  rombasUble  gas  from  rarioiH  aovreM  «<  if- 
e4<l  f.Teully  alToirt'.-J,  l>olli  hy  iba  iialur«  of  t^  <«- 

^^    biisllUe  aT.d   l.y  Uie  ueani«a  of  tba  pola    Tit 
^B,  ^B^  ilame  from  turpentine  is  mort   eurioodj  alfcttal. 

W)^  ia^B  boiag  iLrosn  into  tbc  farm  of*  parabola,  *b«t 
HS^p^Sfll  two  anna  elretoh  upward  n  great  diirtaacfv  ••' 
■T  JT  ^^H  an;  each  crowned  by  a  Bpiml  of  anoke.  Omt*. 
^w     ^k  ^^^  which  in  the  air  ia  poirerfullf  j 

1^  becomea  when  hi^atMl  dJams^etJe. 

"  plalinum   wire  bested    hy  a  cuirait  of  VeMik 

eleetricitj  and  placed  beneath  the  poles  of  Faradaj'ii  appanta^  M>, 
oecasoDB  a  powerful  upward  cDirentoF  air,  bat  wheo  n 
indoeed.  tbi^  nicendiug  current  diTides,  and  a  de«crDdia;  e 
Sowa  down  between  Uie  upward  curranli.  The  follovin^  KM  a- 
pr«Ma«  the  order  of  some  of  the  moat  eomnioa  p^ramagtufit  lA 
atancaa,  viz:  Iron,  nickel,  cobalt,  manganeae.  patlafiiuDi,  erown-^iM 
platinam,  osmi.im.  tlie  lero  U  vamum.  The  diamajn^tif  an  u^ 
laofcd  in  the  invertc  order,  conunencing  with  the  mont  neotnl: 
araenic,  ether,  ulcoiiol,  guld,  water,  mercur}-.  fliol^las,  tia,  ■■  bMTT 
glaM,"  antimnny,  pboBpliurue,  biimuth. 

PlOeker  1ia»  farthrr  demonitrated  the  importsnt  fact  iJmI  tba  o^ie 
lisia  of  Iceland  ap«r  ia  repelled  by  tlie  magnet,  a  fact  |>rubably  Ine 
of  many  cry^laU — in  aome  of  which  thv  magnetic  axla  ia  panlUt 
tu  the  longer  ai\f  of  cryetalllulion.    Thui  a  pieea  of  kyotiit*  will. 


What  U  the  action  on  gaa  flames  t    What  e 
(live  a  list  of  paramnifneiic  and  'liamii)rn''tio 


Uof  tarpaailMt 
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^   under  the  inflaence  eyen  of  the  earth's  magnetiBm,  arrange  itself  like  a 
'^    magnetic  needle. 


■  ELECTRIC  TELEGRAPH. 

■ 

I  1026.  HiatoxioaL — ^The  thought  of  making  telegraphic  com- 
I  munications  by  electricity  appears  to  have  suggested  itself  as 
soon  as  it  was  known  that  an  electrical  current  passed  over  a 
conducting  wire  without  sensible  loss  of  time.  The  following 
brief  summary  of  well-known  historical  facts,  will  serve  at  once 
to  show  how  impossible  it  is  justly  to  bestow  the  exclusive  merit 
of  the  electric  telegraph  upon  any  inventor,  while  at  the  same 
time  it  strikingly  illustrates  what  is  true  of  every  important  in- 
vention, that  final  success  rescues  firom  oblivion  many  schemes 
that  had  hardly  vitality  enough  in  their  day  to  find  a  place  in 
the  records  of  history. 

In  1747,  Dr.  J.  WAnoir,  erected  a  telegraph  from  the  rooms  of  the 
Royal  Society,  in  London,  for  two  miles  or  more,  over  the  chimney 
tops,  using  frictional  electricity  on  a  single  wire,  with  the  earth  for 
a  return  circuit  {Phil  TroM.  ziv,  1848.)  In  1748,  Dr.  Feankun  set 
fire  to  spirits  of  wine  by  a  enrrent  of  electricity  sent  across  the 
Schuylkill  on  a  wire,  and  returning  by  the  river  and  the  earth.  In 
1774,  L»  Sags,  a  Frenchman,  established  at  Geneva  an  electric  tele- 
graph, in  which  he  used  twenty-four  wires  insulated  in  glass  tubea 
buried  in  the  earth,  each  wire  communicating  with  an  electroscope, 
and  corresponding  to  a  letter  of  the  alphabet,  and  excited  by  an  elec- 
trical machinei  (MooMio  TraiU,  69.)  In  1787,  Bxtanoouet,  in  Spain, 
made  an  effort  to  employ  electricity  for  telegraphing  by  paseing  sig- 
nals from  a  Leyden  vial  over  wires  connecting  Madrid  with  Arau- 
juez,  a  distance  of  twenty-aix  miles.  Salva,  in  1796,  also  presented 
to  the  Academy  of  Madrid,  a  plan  of  an  electric  telegraph  of  his 
own  invention,  which  received  Uie  patronage  of  the  Prince  of  Peace. 
In  1800,  the  public  announeement  (966,  967,)  of  Volta's  discovery, 
of  the  pile,  supplied  a  new  means  for  telegraphing,  far  more  certain 
than  frictional  electricity,  and  accordingly  we  find,  that  in  1811, 
Prof.  SoKMMXRiNo,  of  Muuich,  proposed  to  the  academy  a  complete 
plan,  with  details,  for  an  tUetro-chemictd  telegraph,  in  which  he 
used  Uiirty-five  wires,  (twenty-five  for  the  German  alphabet,  and  ten 
for  the  numerals,)  tipped  with  gold  and  covered  by  the  same  num- 
ber of  glass  tubes  filled  with  water,  to  be  decomposed  whenever  the 

1026.  What  Buggci^ted  the  electric  telcOTaph  f     Rehearse  the  hia> 
tory  given.     What  discovery  in  1800  made  electric  telegraphs  prM 
tioublo  1     What  was  ftoemmering*8  plan  t 


•wnapoodiiig  UU«r  or  nnmenl  «■■  toocbcd  bjtlM  k*tt«;«w* 

»k«f-bo«ri!  at  tJie  olber  and.      Thi^  it  ih^  type  of  •)]  tlmOn  Am 
Ml  tdegnphi     Dr.  J.  Redkak  Coxk,   of  pkiladrlpliu.  In  ttli  t 
TbompsoaV  AsniU  of  PUloBophy,  •ppareaUf  viUivut  kBoaMf" 
SocnuDeriag'B  pUa,   propovea  a  rfmilar  od«  bj  thr  »t  tf  ^<u-   I 
clMtticiiy.    In    iS19-2<),  (Ebsied's  diacOTMj  of  tJeetrao^H^  i 
ftud  Au-Eu't  deTdopment  of  the  >Dbjoct,  op«Dad  the  «>;  ta  «■ 
tDignetie  («Iegn[dij.     (Enled  fint,  and  then  Ainpjve,  (npiMJ  w  I 
pUa  dT  ■  tdegnph,  nftiog  (he  deflepHona  of  ■  magsftif  aM^tf 
ognala;  tfa«  type  of  Wheaiftonr'a  a«edle  t«I«^rapli  j  bM  lbdr« 
g«Uon«  wei*  o«TCT  pot  ia  pnrtloe.      In   18SS,  Dr.  P.  Braiut'' 
England,  pnblubed  a  volame  Jetaitiag  tba  pUn  upon  wUA  U  W   I 
prerioniljr  ooiidmct«d  dght    mika  of   «)«ietrio   Ulegnpk,  wl  a 
ThuA  li«  Died  a  moTiUe  ditcv  cairjiBg   Lbe   Utten,  l^  ^paifdl 
dial  UJegnpha.      Ib   iSib,   Wiluam  SttTKOios.    of  Woolw^  I 
mad*  lb«  6nt  eWlrcMuagnet  of  aoft  iroo,  vilhoot  wkicb,  ta 
gross  in  the  electro-magnetic  telegraph  iras  inip«ableL     fnL  it 
UcKET,  in  18S0,  fint  deacribed  a  modeof  giTiag  mBcli  grcalWKTT 
to  deeb'o-iiiagiieta,  and  the  noM pikiloaopher,  in  1831.  dtMriMAt 
fitat  r«cipr«eatiii{;  eleelro-niagiiet  and  ribmting  armaIor«.  laiN<^ 
also  the  principle  of  the  relay  maguet,  ■»  iodi-'peoiable  ao  ani^ 
it.  the  Morw  syst.m.  (SUL   Jour.  [1  ]   m.    340.)      In   18W.  ■«-» 
WniEa  BinJ  Gjiras,  eUal.lUhed  an  eloctrv-Dtagnecic  tat^qk  « 
(lOtUDgen,  l>elweea  the  OIitervatoTf  and  the  PhreieBl  CalfaM^ 
the  univereiiy.  and  u^  it  for  all  the  porpoaes  of  aaaOiAe  omh* 
nicatJuD. 

In  less.  IVof;  J.  F.  DiTiiELL  inrented  the  eonatant  batten.  rKK 
wtUioat  which  any  mod?  of  electric  telegraph  vonld  haVi  ba 
fdtilo. 

In  18S7—e»*r  memorable  in  telt^raphic  history  for  the  fint  gi 
ral  and  suerMoful  introduation  of  the  eleelro-magitetio 
and  alnxMt  at  the  tame  lime  appeared  Moaut  in  the  U.S. 
at  Uunicb.  and  Wbuixtom  and  CooE^  ir  ~ 
pendent  elaimantf  for  the  honor  of  tliii  diaeornry.  Prvt  J.  0. 
Forbes,  tlieable  hiflorian  of  the  Pfaydcal  Sdemwe,  in  tli«  eMth  rfi- 
tioQof  the  Enaye.  Brit.,  tpeskin^  of  these  inventioiia.  Mja:  'tfcrl-*- 
egnph  of  the  two  last.  (Stsinheil  and  Wbeatslone.)  r«wnU«*  la 
priofliple  a';relcd'j  and  Kause'i;  that  of  theflm.  (itoMK,)i*  eatint/ 
original,  and  conilm  in  making  a  ribbon  of  paper  muve  hy  dtA- 
interrupted  marks  are  icipresvd  upon  it  by  a  pat.'  At 
■  Tha   telegraphs  of  Slorse  haTe  the  inestimaUe  adnatsfe. 


What  WM  it  in   1820  pot  a  ne«  fiicr  on  Ui-  . 
Storgeon  do  t     What  is  uid  of  Hauiell'i  battery  1 


that  they  preeerre  *  pemaDent  record  of  the  deqMtohe*  whieh  tiiey 
coDvey.'  This  kd  vantage,  it  is  but  joit  to  My,  they  ihare  with  Buq'b 
electro-chemical  telej^ph. 

1037.  TtMaarthciToiiiL — Although  Dtb.  Watson  and  Franklin, 
(1747-8,)  used  tho  earth  as  the  return  circuit  in  theirtelegraphic 
experiments,  it  was  considered  essential  in  the  use  of  Voltaic 
electricity  to  employ  at  least  two  wires,  until  Steiubeil,  in  18ST, 
in  the  construction  of  bis  tel^^ph  at  Hunicb,  dispensed  with 
the  whole  resistance  of  the  return  wire  by  burying  a  large 
plate  of  copper  ateach  station,  with  which  the  circuit  wire  com- 
municated. This  certainty  must  be  esteemed  one  of  the  finest 
discoveries  in  connection  with  the  telegraph-,  but  from  some  cause 
or  other  it  obtained  for  some  yean  but  little  publicity,  although 
described  at  length  in  the  Comptet-Smdva,  oT  Sept.  10,  1838. 
Bain  re-discoveredthe  same  fkct  some  years  later,  and  Uatteucci,  of 
Pisa,  in  1843,  made  experiments  which  coniinced  the  most  in- 
credulous of  the  truth  of  this  important  fkct 

I^g.  660,  illoitratei  the  mode  of  unng  the  earth  circuit,  now  nnl- 
Tenal  lu  all  telcgrapha  8  and  ff,  are  two  diatant  stationi,  with  their 
balleriea,  i  i',  and  nugaeta  m  m',  a  wire  paaaiog  over  inralating 
posta,  through  the  air,  connectaSand  5".  Oee  pole  of  each  bat- 
tery is  oonnected  with  the  earth  through  the  magnets,  ending  in 


platee  of  copper,  P  P'.  Neither  battery  will,  however,  act,  aaleia 
one  of  the  break*,  or  finger  keys,  5  or  ^,  is  deprswed.  If  the  finger- 
key,  iS,  is  deprened,  the  cireuit  coneeqaeatly  li  completed  (Aniu^t 
tke  tartk,   for  the  liattery,  6,  while  that  of  b'  remains  opea.    IIib 

Who  discovered  and  wlio  re-dia- 


6SB  ELKCntlCITT. 

srrovi  ^oT  the  conn*  of  tii«  carrent.  Mad  tlu*  w31  bi  ffioi 
when  tha  eiTvail  at  S  in  plosed.  Th^  explanation  of  tkw  OOMata 
appears  to  bi-.  not  tbat  the  eleclricity  is  ooDduFt«d  b«cb  bj  Otiat 
to  its  origiu  at  tbu  liattery,  but  that  lii«  molecular  distiwbaan  ia  itiil 
the  polarit;  of  the  circuit  coniista,  ia  eflectuoily  relicTtJ  In  amm 
nioation  itilh  the  coranion  reservoir  of  oeutral  «Iectjiat;,  flilj*! 
to  coaJuttjan  proce<J«  wltbont  inlcrmptioii.  Any  namlar  ■(  ■• 
allel  currents  may  thus  co-ciist  without  iuterferenirc.  TtiiiAi|k 
dcTice  saves  Dot  out;  half  the  expense  of  coostmcting  fiiw^Mi 
more  than  doubles  tlieir  power  of  electrical  tranamiauca.  VMfc 
rapidity  of  th«  currcot,  refer  to  section  917. 

1028-  VuietJM  of  elactro-tal^raphlc  ^^^ft^^^^«^^,..^~^^^fc^  jyn 
are  essentially  but  two  modes  of  electro- telegraphic  oanimm» 
tion,  viz :  the  eUctro-mechan'ieal  and  the  cleetro-c3t«mieaL  T» 
nous  ftod  seemingly  unlike  as  are  the  numenMia 
trivances  for  this  purpose,  tbcy  all  &U  under  oiHi  of 
diviBiona. 

TheeUctTO-mtdtaniealioimiatUsXogtKpiut  _    _ 

the  ntedh  telegraph,  the  dial  telegraphs,  and  the  eUe-tr^^tf 
netk,  or  recording  telegraphs:  both  those  whieb,  like  Honc'l 
use  a.  cypher,  and  those,  like  House's,  which  prist  in  ItKiUi 
characters. 

7^e  eUelro-fhemif  al  Ulf  graph*,  (having  their  type 
ings'  original  contrivanee,)  depend  on  the  production  of  i 
and  permanent  effect,  as  the  result  of  some  cheniical 
tion  at  the  remote  station;  of  these,  Bain's  is  the  best  k&oira. 

This  is  not  the  place,  had  we  space,  to  give  aU  the  detaibof  lb 
well-known  machines  in  use  for  telegraphic  purposes.  A  km 
words,  stating  the  principles  on  which  they  all  depend,  with  ■  o* 
tice  of  two  or  three  of  those  most  used  in  the  C.  S.,  mustsnlScft 

As  the  needle  telegraph  of  HessiB.  Wheatstone  and  Cooia  (de- 
pending on  the  deQection  of  a  oeedJe  by  a  galvanometer  coil)  bM 
never  been  used  in  this  country,  and  cannot  compete  with  cither 
nf  the  BjEtenis  adopted  here,  it  is  needless  to  descril^ie  it.  Il  n- 
i]uires  one  operator  to  read  the  movements  of  the  oeedle,  aad 
another  to  reeord  the  message,  and  its  average  capacity  is  not 
over  tenor  twelve  words  per  minute.  The  dial  telegr^h  flf 
Froment,  ond  others,  is  open  to  the  same  objections. 

1020.  Horse's  recording  telegraph.— Every  eloctro-telegr^ie 
apparatus  implies  the  use  of  at  liast  two  instnuncnl^  one  ftr 

elaadfiodr   Vhal 
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rvcording,  tnd  ono  for  tmumittiiig  the  meaa«g&  Beeidea  these, 
in  moBt  cues  there  is  need  of  &  rela^  moffrut,  which  receiTee  the 
circuit  current  and  acts  to  bring  into  use  the  power  of  &  local  bat- 
tery, by  which  the  work  of  recording  is  perfonned.  This  is  requi- 
site because  the  circuit  current  is  ususlly  too  feeble  to  do  more 
than  establish  a  communication  with  the  loc«l  battery.  Every 
recording  instrument  has  a  clock-work,  or  some  similar  mechani- 
cal movement,  to  carry  forward  the  paper  fillet  on  which  the 
record  is  impressed,  at  a  regular  rata  of  motiou.  Fi^  Ml  shows 
the  Horse  recording  instrument 

II  oondats,  MMDtlally,  of  a  aimple  levw,  A,  with  a  toft  iraii  arma- 
tnre,  B,  over  the  elecbo-magneta,  S  F,  by  whieb  the  rieetrteal  fm- 
paltes  are  propagated  to  tha  pen  or  atyto,  0.  A  weight,  P,  pv«* 
laotioD  to  a  truo  of  wheels,  K  O,  by  wUeh  the  fillet  of  paper,  p  p. 


ii  carted  over  (he  rollua,  O  H,  In  the  dirwition  of  the  arrowB.  A 
feeble  apricig,  r,  withilrawi  the  point,  0,  and  armature,  J),  whea  the 
electncity  eiiuie^  and  the  motion  of  the  pen-lever  li  farther  adj  luted  by 
two  regalating  MTewg,  m  m,  Ukat  ean  be  Nt  at  pleainrt.  The  bat- 
tery ourreot  enten  the  apparatm  at  the  binding  Krewi^  m  b. 

The  mewaKe  U  recorded  by  a  cypher  of  dotn  and  dnsb<s,  made  on 
the  moving  fillet  by  the  point  of  the  pea-lever.  The  lever  moves 
ID  obediesce  to  the  impiilKa  of  the  operator  at  the  traniDiilUng  ita- 
tion,  who  preuee  the  'finger  kef,'  for  a  longer  or  ihorter  Inetnnt,  ac- 


1030.  What  it  euential  in  every  electro- telegraphic  eystea] 
plain  Mone'i  recording  tel^raph.     What  U  the  finger  key  t 


I    Ex- 


COS  KLtcnucnT. 

cording  ta  vbat  he  nould  traoimit.      Ever;  motion  at  t^fm)m 

give^  a  «i>and,  correspoDiJing  to  th»  letlet-  eommiiDieU^;  olkt 
652     praclic«d  operator,  thia  tt 

which  lua  ear  iateiprets  witb  QiilkUiiig  certaiatTi  oAKb 

F  literally  bean  the  mcamgc   and   truodttta  it  iriiVraJ- 

oeBMaitj   of  looking  at  tb«   record.       Fig.  US  d 

^  The   Mcrte  i 

adfaiitage  ot  (t«l  W  | 
I  chaoical  iuopUdlf .  ■•  fl>  I 
t  roqnirM  bat  Hld«  M* 
■naiiAge  it,  aad  i»  mhI  { 
being  p^muicflt  wIlJ 
cieDlly  rapid  for  &11  ordiairy  purp<ia««.  it  lima  hirfir  H* 
generallj  used  in  the  U.  S.  than  any  other,  maA  otar  tta  ^ 
tincDt  of  Europe  has  been  very  generally  adopted.  Ifr.  ■Mi'' 
«oDeeived  tluB  plan  of  telegraphia  tnoBnuaaioo  in  1SS3,  bat  H  W^, 
only  in  1837  he  applied  for  his  first  p&teat,  bui]  in  ISM  tfc*  tatiM  j 
vu  built  in  the  U.  a,  Irota  Wuhington  to  Bottimorc  ' 

1030.  Bonse'i  electro-printing  telegntt^i Tbis  nuvt  B^- 

ious  itistrumert  records  ils  message  in  plain  printed  dundA 
and  as  a  mechanism,  must  be  re^^ded  as  one  of  the  iDOGt  tw> 
derful  results  of  inventive  genius.  An  imperfect  dnwing  of  it* 
chief  parts  is  seen  in  fig.  6o3. 


lU  chief  parts  are  a  k«y-bosrd,  marlced  witb  the  l«ttcn  of  Os 
alphatil ;  ■  type  whoel.  a,  on  whieh the  letters  of  the  alphabet  m* 
crgrnvei] ;  ■  Lelieal  col!  of  fine  wiru  in  the  cylluder,  A,  In  oouDwtlM 

l(i30.  niut  is  the  nature  and  aellon  of  notue'sam«ntiMT  lOIL 
What  is  the  eloctro^^hemifol  telegrajJi  1    EiplniD  BaiaV  •jrieu. 
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vr\\h  the  circuit,  and  which  operates  to  open  a  yalve  for  the  emiBsion 
of  a  blast  of  air,  compresfled  by  a  pump  under  the  table  into  a  re- 
oeiyer,  B,  The  purpose  of  thii  blast  is  to  work  the  escapement  regu- 
lating the  motions  of  the  type  wheel,  q.  This  is  the  only  ftmction 
of  the  electricity  in  the  machine  for  recording;  eyery  other  motion  is 
a  mechanical  one.  The  electricity,  by  opening  and  dosing  the  air 
▼alve,  regulates  the  motion  of  the  type  wheel,  arresting  it  at  the 
pleasure  of  the  operator  at  the  distant  station,  who,  by  touching  on 
his  key-board  the  letter  he  would  transmit^  arrests  the  type  wheel 
of  the  recording  instrument  at  that  letter ;  a  simple  mechaniam  then 
presses  the  fillet  of  paper  on  the  face  of  the  type,  and  moTes  the 
paper  forward  to  receive  the  next  impression.  Its  actions  are  quicker 
than  thought,  and  owing  to  the  exact  duality  of  the  two  machines 
in  every  part,  and  the  perfect  equality  of  their  motion,  the  operator 
transmitting  is  as  conscious  as  him  receiving,  if  there  isany  error,  aided 
as  he  Is  by  a  tell-tale  above  the  type  wheel,  showing,  iii  our  design, 
the  letter  A,  It  is  impossible,  without  many  pages  of  detail  and 
minute  drawings  of  the  parts,  to  render  this  marvel  of  mechanical 
art  perfectly  intelligible.  But  the  general  thought  of  the  inventor 
is  clear  enough,  to  place  the  recording  apparatus  at  the  control  of 
the  transmitting  operator,  through  the  agency  of  compressed  air, 
controlled  by  the  electric  current,  and  controlling  in  its  turn  the  es- 
capements of  the  recording  apparatun  It  prints  about  one  hundred 
letters  per  minute,  on  a  circuit  of  one  hundred  and  fifty  mile& 

1031.  The  elootro-chemioel  telegraph,  depends  on  the  decom- 
position by  the  electrical  current  of  a  salt  of  iron  with  which  the 
paper  fillet  is  saturated,  and  the  production  of  a  blue  or  red  stain 
upon  it  The  same  clock-work  movement  used  by  Morse,  car- 
ries forward  the  paper  over  a  metallic  cylinder  which  is  one  pole 
of  the  circuit,  while  a  steel  pen  (if  a  blue  mark  is  intended,  or 
copper,  if  red  is  intended)  in  connection  with  the  other  pole,  bears 
steadily  upon  the  paper ;  the  least  transit  of  electric  force  de- 
composes the  prussiate  of  potassa  with  which  the  paper  is 
charged,  producing  a  stain.  To  insure  the  dampness  in  the  fillet 
requisite  for  electrical  conduction,  Maison-Neuve  has  proposed  to 
charge  it  with  a  solution  of  nitrate  of  ammonia,  a  salt  whose  at- 
traction for  moisture  is  such  that  the  paper  remains  always  damp. 
To  avoid  errors,  as  well  as  to  insure  greater  rapidity,  Bain,  who 
was  the  author  of  this  system,  proposed  to  prepare  the  messages, 
or  fillets  of  paper,  punched  with  holes  by  a  machine  called  a 
compositor  or  multiplier.  Ilumaston  has  lately  so  improved  the 
mechanism  of  this  compositor  that  it  is  possible,  by  combining 

What  is  the  mulUplier  7    What  is  laid  of  iU  rapidity  t 


efO  ELBCTBICITT. 

this  apporatua  with  the  Bain  system  of  reading,  to 
less  tlian  three  thoiisuind  signals  per  minute,  equal  Ca  A 
lottors,  or  one  hundred  and  twcnt_v-five  words  of  Sre 
The  punched  lillets  take  the  plnce  of  the  tlnger-kej 
bre&kcr  for  the  tr&nsiuisEJon  of  the  message. 

AcTOaUAPH    TSLBQRAPBIC    UESSACBS  CJUl  b«  *>«■»— ip*J  lyfc 

olcctro-ehcmical  method,  by -writing  upon   the 

inder,  with  solution  of  wits,  and  then  causing  « 

traverse  the  cylinder  with  a  close  spiral  ftntn  end   to  nl   IW  I 

result  is,  the  interruption  of  the  current  irhcrc  the  wa  s,  wi  \ 

a  eorrcsponding  blank  space  left  on  the  paper  at  the  nni>i( 

station.     The  union  of  these  white  Rpace^  KJTCs  whkt  wii  sriiU 

ia  w&x  in  &  white  character  on  a  dark  ground. 

1032.  Submaiine  telegzapho — the  Atlantic  caUa,— QlAk 
Bubmarine  telegraphic  cable  was  BucccssfuUy  sunk  in  A^^< 
1861,  cionnocting  Dover,  in  Eng.,  with  Franc*,  at  cafwQiteMI 
Since  that  time,  numerous  other  submarine  cablca  hn*Mi 
hid,  of  which  that  through  the  Black  Sea  was  the  loncart,  ^fl 
the  jikcing  of  the  Atlantic  caWo  was  accomplished,  on  the  M  i^ 
August.  1858. 

Fig,  «:.l  bI.uws  tlie  eiapt  siif  nnd  mode  of  constrDCtion  otOat  *bk 
.iM  Tlis    ^on.lncting     wire    i.   fc(B«d  4 

J  ftrnnds  of  No.  33  coppv,  WW 
ito  a  cord,  and  buried  in  idM 
S^tlap>^rihii.  laid  on  in  thrMeialiMX 
Pt>y  raaohinery.  The  whal«  ixoesvJ 
!T«nteeii  ■trands  of  iron  tin. 
cntli  sli'ai.d  fomiwi  of  sevpo  No.  80  iron  wires.  It  wet^iu  il-Ml 
tvEU  ihoiiwnd  11m.  to  the  nautical  loilis  and  about  two  ( boUMO']  tola 
of  it  lie  submerged  bttweea  YBlentJa  buy,  Ireland,  and  Trioily  l«f, 
Newfouodland.  The  shore  end  U  formed  of  ten  mile*  of  imdl 
Btrongep  cable,  ineloaing.  howBTsr,  lb*  sama  ooaduct«r. 

The  problem  of  «pie!iti6caa  well  aapraotiml  ialerest  Ln  th«  rabk  i> 
tbe  pouibllity  of  IranamittiDg  ragnaU  throai;h  it  with  *uflti«Bl  r» 
pidity  for  necfiil  purposes.  Faraday  has  Bhovu  that  a  |_iiir»  |ii  iitl 
oover»d  wire  is.  wlien  tubraerged  In  water,  in  very  different  riHtrt 
cat  eoDdltiona  from  what  it  ia  in  air.  In  the  water  it  rimalat«  Ihl 
character  of  iha  electrical  condenaer,  or  Leyden  rial,  and  wImb  thw 
eharf^vd  by  induction,  mnst  be  dlachargrd  before  a  aviMnd  vara  •■ 
be  transmitted  tliroiigh  it ;  nod  when  tbe  rleetric  pulie*  al 


Bow  may  autograph  niessagcs  be  tranainill«dt  1033.  Whatii 
•aid  of  Bubmarioe  telegrnpbi)  What  of  Uie  Atlantie  cablel  Whll 
haa  Faraday  shown  on  thia  lobjMlf 
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as  in  telegraphic  commanicatioDS,  the  effeot  of  the  eUctrie  eanjiiet,  as 
(Erated  originally  termed  it,  is  to  produce  a  tremor  in  place  of  sharp 
and  decided  beats.  In  the  absence  of  any  exact  statements  from  the 
Electricians  in  charge  of  this  great  international  nerve  of  sensation, 
we  cannot  do  better  than  refer  the  student  to  Faraday's  papers.  (Ept 
Res.  Tol  8d,  p.  607—623  and  676.) 

1033.  BlActxlcal  olooki  and  astronomloal  reoordi. — ^If  a  clock 
pendulum  is  by  any  mechanical  devioe  made  to  open  and  close 
the  circuit  in  a  telegraphic  arrangement^  it  is  obvious  that  if  the 
clock  beats  seconds,  these  will  appear  recorded  as  dots  at  equal 
intervals  upon  the  paper  fillet.  An  astronomer  watching  the 
transit  of  a  star  across  the  wires  of  his  telescope,  with  his  hand 
upon  the  finger-key  of  the  same  circuit,  closes  it  at  the  exact  in- 
stant of  time,  and  the  record  of  the  passage  of  the  star  is  fixed 
with  unerring  certainty  between  the  beats  of  the  clock  and  upon 
the  same  fillet  which  bears  record  of  the  time  in  seconds  and 
their  subdivisions.  This  beautiful  system  is  wholly  and  pecul- 
iarly American,  as  the  clear  records  of  science  show,  and  ofiSsrs 
incomparably  Uie  best  possible  mode  of  detennining  longitude 
differences.  The  names  of  Bond,  Gknild,  Locke,  Mitchd,  Saxton, 
Walker,  Wilkes,  and  others,  are  Ini^MinMy  oomiectad  with  the 
history  of  this  important  application  of  the  telegntph,  for  the  de- 
tails of  which  the  student  is  referred  to  the  Am.  Jour,  of  Sci- 
ence, the  proceedings  of  the  Am.  Assoa  fbr  the  advanoement  of 
Science,  and  the  reports  of  the  U.  S.  Ooast  Survey. 

Bain,  it  is  believed,  ooostmeted  the  first  eleeferiaal  dock  (in  1842) 
which  was  moved  by  a  eurrent,  from  a  large  eopper  and  sine  plate 
buried  in  the  earth,  or  better,  to  a  anc  plate  buried  in  charcoal 
By  any  simple  mechanical  arrangement,  the  motion  of  the  pendulum 
reverses  or  breaks  the  current  at  every  beat,  and  by  the  aid  of  a  sta- 
tionary magnet,  the  vibratory  movement  due  to  the  electric  current 
is  strengthened  and  perpetuated.  It  is  possible  to  transmit  the  same 
electric  current  to  any  number  of  docks,  in  the  same  place,  or  in  dif- 
ferent places,  and  thus  secure  exact  equality  of  time.  The  city  of 
Boston  Is  provided  by  a  telegraphic  system  due  to  Dr.  Channing  and 
Mr.  Farmer,  by  which  a  fire  alarm  Is  sounded  in  every  ward  :  a  de- 
tailed description  of  which  will  be  found  in  Sill.  Jour.  [2]  xiil,  68. 

BLBCTRO-DTHAMIO  niDUCTIOK  AlTD  If AOWTO-BLBCTRICITr. 

1084.  Ourrents  Indooed  from  other  ooirmita. — The  phenom- 

1038.  What  of  dectrical  docks!  How  are  they  used  in  astronomy  t 
Where  did  this  sjitem  originate  ff  Who  made  the  first  electrkalelookl 


Kt-B^TRICTTT. 


enft  of  electro-nutgT\etiEm  seem  to  point  ks  Mi  ilaotf  wtnf', 
ccBsequeoce  to  the  discarery  made  hy  Faradaj  in  lB31-\rfB 
dueed   evrrenU,  and  of  'maffnelt^-tleictricity.     Tmnbq  Mj^ 


lal>  Tiat  a*  avtire  earryiitff  a  ewrr«n{  aeU  Uit 
ther^ort  it  ought  hg  indHctian   to  «teile  a 


v*r«  near  it. 

9<L  That  a*  maynetUm  it  indtuxd  Ap  d^trie  e 
najriKCa  ought  aUo,  under  proper  eoikditurna,  tt  «ttiu tttor*  I 
evrrttit*. 

Tbefiistof  these  rAcM^Foradij  snsbun«d  this:  LttkdiM  I 
helix,  or  bobbin,  be  wound  of  iwo  parkUel  sDk  < 
about  ■  cylinder  of  wood,  (which   being  witbdnwn  a 
1e**ce  the  bells  hollow.)  in  dose  «oat«ct.  btit  pcrfcci 
so  th&t  the  two  wires  run  side  by  side  throngfa  tlw  V 
LM  the  ends,  b  r,  fig.  G55,  of  one  wire  b«  coniMeted  1 
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spiral,  while  »  I 

rent  enters  the  otlttrwi 
f,    and    pAsscs    out  b;  f 

twecD  e  knd  the  battery,  ii« 
galv^anometer  oeeda  i>  J^ 
fleeted  by  a  cnrTenl  Monc 


1  the  t 


the  battery,  or  primary  cuirent,  but  only  for  a  brief  iH^ 
After  a  few  vibrstions  the  needle  eomes  to  rest,  although  tbeW- 
tery  current  ?till  flows.  Break  now  the  contaiTt  hrtirw  te 
wire,  r,  and  the  battery,  and  the  gKlranometer  needle  to  MM 
deflected  by  a  secondMy  or  induced  current ;  bwl  this  tine  il 
inoTea  in  the  oppotitt  direHum  to  the  flret.  These  an  cdM 
teeaadary  OT  inifucfij  currents.  They  are  motnentaiy,  bcilu< 
renewed  with  every  interruption  of  the  batt^y  ciKT»irt,  and  timr 
strength  is  always  exactly  proportional  to  the  strength  of  iht 
primary  or  inducing  current.  If  a  mass  of  soft  irojl,  (or  bett<f, 
a  bundle  of  Mft  iron  wires,)  is  placed  in  the  core  of  the  Hrji'; 
the  force  of  the  induced  currcDtg  is  greatly  increased.  Th^i-. 
tion  of  a  current  from  a  Voltaic  batteiy,  Faraday  tailed  VoU»- 
eUetrie  induction. 

10S4.  T(>  wliBt  do  Ihe  pli«Dom«iia  of  electro-magurttni  ptnnll 
How  did  Faraday  denioiulntc  the  indocUon  uf  cumaic  froei  cor 
mnla  I  What  \%  thtdr  *lr«ngth  and  dnraltan  I  To  what  atv  tb*j 
aoato^MNl 
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The  phenomena  of  inflaence  (927)  in  electricity  present  a  strong 
analogy  to  these  fkcts,  and  support  the  probability  that  the  sec- 
ondary currents,  in  the  case  of  Voltaic  induction,  are  also  due 
to  decomposition  of  the  natural  electricity  of  the  second  wire, 
by  the  current  on  the  first  606 

In  fiu^  a  current  of  statical 
electricity  may  be  substi- 
tuted for  the  Voltaic  current 
with  similar  results,  as  was 
shown  by  Henry,  in  1888, 
(Trans.  Am.  Phil.  Soc.,  toL 
6.  N.  S.,)and(SilL  Jour.[l] 
xzzriii,  209.)  Fig.  6S6,  is  a  convenient  form  of  i^paratus  designed 
by  Matteucci,  fbr  this  experiment  Two  coils  of  insulated  wire 
.^  ^,  are  sustained  on  movable  fbet,  admitting  of  near  approach. 
When  the  charge  of  a  Leyden  jar,  2),  is  passed  through  the  coil 
e  don  A,  9k  person  whose  hands  grasp  the  conductors,  i  A,  of  the 
coil,t&,  will  receive  a  shock,  the  violence  of  which  increases  with 
the  closer  approach  of  A  and  B,  The  direction  of  the  current 
in  Bf  is  the  reverse  of  that  in  A,  If  a  galvanometer  is  in- 
serted in  the  circuit  of  t  A^  its  needle  is  deflected,  or  if  a  magne- 
tizing spiral  is  used,  needles  may  be  magnetized  by  it 

1085.  Henry*!  saoondaiy  omrenta  of  diffBrent  orders. — ^By 
using  a  series  of  flat  spirals  of  copper  ribbon,  and  of  helices  of 
insulated  fine  wire,  alternately,  Prof  Henry  (loo,  cit,)  demon- 
strated, in  1838,  that  secondary,  or  induced  oovrents,  produced 
other  induced  currents  of  the  second,  third,  fourth,  and  so  on,  to 
the  ninth  order,  alternating  with  eadi  other  in  the  signs  +  and 
— ,  after  the  first  remove  from  the  battery  current,  and  also  al- 
ternating in  the  qualities  of  intensity  and  quantity,  t.  «.,  he 
proved  that  a  quantity  current  can  bo  induced  from  one  of  inten- 
sity, and  the  converse. 

1036.  Zbctm-oimreBt,  or  the  induction  of  a  oorrent  on  itsel£ 
The  effect  of  a  long  and  stout  conductor  in  giving  a  vivid  spark 
and  shocks  fix>m  a  single  cell,  (which  alone,  or  with  a  short  con- 
ductor, gives  neither  sparks  nor  shocks,)  was  first  noticed  in  1833 
by  Pro£  Henry.  (SilL  Jour.  [1]  xxii,  404.)  This  hct  was  after- 
wards the  subject  of  investigation  by  Faraday,  in  Dec.  1834,  and 
also  by  Henry,  in  Jan.  1835.    Faraday  states  his  conclusion 

Wbo  first  showed  this  analogy,  and  how  t  1085.  What  is  said  of 
secondary  cnrrents  of  different  orders!  1086.  What  is  (he  extra 
cuitent  t    Who  discovered  it  T 
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thus :  "  It  a  cummt  be  established  in  *  wire,  sad  anoilxr  ■?. 
fonning  a  complete  circuit,  be  placed  parallel  to  thv  fin-t.  i'  - 
niomciit  the  current  in  the  first  is  stopped,  it  induces  *  tr-^' 
in  the  (iitnc  ilirccliou  in  the  Recond,  the  fiist  ejchiUting  th<3  ::■ 
a  feeble  spark ;  but  if  the  second  wire   be  awaj,  ^junrcei  - 
the  first  wire  induces  a  current  on  itself  in  the  bum  £tta'- 
producing  a  strong  spark.     The  strong  sparic  io  the  Hiigli  '■<-  | 
win  or  helix,  at  the  time  of  di^unction,  is  therefore  the  iqi*^ 
lent  of  the  current  which  vould  be  produced  in  a  nci^boK  « 
wire  if  such  current  were  permitted."     Thia  eflect  is  gr«iliB- 
hanccd  bj  coiling  the  wire  into  a  helix.      In  powerful  c<>il&  U-- 
extra-current  produce*  sparks,  which  resemble  the  cxpic?i"i  ' 
a  pistol,  espcciallj  under  the  inductive   influence  of  a  piwar. 
electro-magnet,  as  in  the  engine  of  Dr.  Page,  already  ooLtt.. 
(1083,)  the  hcavj  coils  of  which  produced  sparlcs  from  tht  tXd 
current  from  two  to  six  inches  in  length,  and  hariDg  the  ii:>     I 
rotative  action  as  the  conductor  itself.   (SilL  Jour,  [i]  li.  '.''■ 
Mmj  forms  of  dectro-magnctic  apparatus,  in  which  two,'''  -    ! 
are  coniTjint-d,  show  the  cxlra-curront   in  a  Ktriking  iiiuiiir.        i 
in — 

Page's  vibrating  armature  and  electrotome. — fn  ihi- 
tus,  lig.  6J7,  the  flow  of  the  battery  < 
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end  out  of  the  mcrcurv  in  the  cup,  C,  with  a  lirilliunt  .ifark.  ■:  .^ 
to  the  How  of  the  extra-current,  the  magnetism  haviti^  lii-i; 
peareil  hy  Dm  bnak  of  the  l«ttcry  flow.  Gravilj-  tliiii  ri>:-  :;- 
the  wire  to  its  original  position,  thuR  renewing  the  curri-nl  a:.- 
the  niBgnelisni,  and  with  it  tlie  spark  in  ('.  A  tine  wirv  \:A- 
tion  coil  of  two  thou&anii,  or  three  thouMnd  fcvt,  wounO  a'-  'V 


Wlmt  is 
luttrat*  t 


ii.!«y'K 


of  it)     WUi 


lli^nriliv  I'ugv'r-  ai'iiamtUf,  tig.  0 


CURRENTS  INDUCBO  BT  MAONBTIBM.  675 

the  iDducing  ooil,  develops  the  seoondmry  currents  ahready  no- 
ticed, with  powerful  physiological  and  other  inductiye  effects, 
resembling  statical  electricity.  (1040.) 

1087.  Onxrents  Indnoed  by  magnets. — If  the  helix  in  fig.  658 
is  connected  with  a  galyanometer,  and  a  bar  magnet  is  quickly 
thrust  into,  and  suddenly  withdrawn  fixun,  the  helix,  the  needle 
of  the  galvanometer  indicates  -         658 

the  moTement  of  a  current  of 
electricity  opposite  in  the  two 
oases,  and  whose  direction  in 
each  case  is  opposite  to  that 
of  a  current  which,  on  Am-^ 
p4re*s  theory,  would  produce  a 
magnet  like  the  one  employed. 
It  is  hardly  needful  to  say  that 
reyersing  the  ends  of  the  bar 
magnet,  reverses  the  movements  of  the  galvanometer.    This  is  a 
case  of  magnetic  electric  induetum. 

The  same  fact  may  be  seen  in  other  modss,  vis. : 

On  By  retching  a  eireular  plate  of  copper  between  the  poles 
of  a  horse-shoe  magnet,  the  axis  of  the  copper  being  in  connec- 
tion in  the  one  pole,  and  the  edge  with  the  other,  a  series  of  sparks 
may  be  obtained,  as  in  Faraday's  original  experiment,  some  de- 
vice being  inserted  to  intemq^t  the  curr«it  during  the  revolution. 

h.  By  a  heU»  an  the  orMature  of  a  magnet^  the  ends  of  the 
helix  being  connected  with  the  poles  respectivily,  on  suddenly 
sliding  the  armature  from  the  poles  of  the  magnet,  a  spark  is 
seen,  and  if  the  fingers  grasp  the  wires  at  the  same  time,  a  shock 
follows.  This  fact  was  first  announced  in  Dec.  1881,  by  Srs.  No- 
bili  and  AntinorL  Saxtoa  constructed  the  first  magneto-electric 
machine  in  which  the  armature,  wound  with  a  helix,  was  made  to 
revolve  in  flront  of  the  poles  of  a  magnet,  and  so  to  produce  all 
the  phenomena  of  static  and  voltaic  electricity-— an  apparatui 
modified  by  Clarke,  in  fig.  663.  Arago,  in  1824,  had  observed 
the  remarkable  influence  of  a  disc  of  copper  in  arresting  the  os- 
cillations of  a  aaagnetic  needle ;  an  eflbct  as  we  now  see,  thanks  to 
Faraday,  to  be  due  to  the  electrical  currents  induced  in  the  cop- 
per by  the  needle,  and  which  reacted  to  restrain  its  oscillations. 


1087.  Deioribe  the  experiment,  fig.  6S8.  How  ebe  are  earrente 
iodoeed  by  magnete  I  Who  made  thit  diieovtry  f  What  did  Saxtoe 
eonetmct  1   What  was  Aigo't  obstfvatioa  on  the  inflnenoe  of  copper  t 
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103S.  The  eazth^  magnetiun  also  induces  electrical  ear- 
in  meukllio  Kxlios  in  movonifnt ;  another  of  the  numerou?  -.■ 
resiiiii:  d:>.ovenos  ^}{  Faraday.  A  helix  in  the  fonn  of  a  ru 
is  made  to  revoke  with  its  axis  at  right  angles  to  the  nar... 
meridian,  and  sX^nsoqiienily  each  point  of  the  ring  describes  * 
de*  parallel  to  the  plane  of  this  meridian.  A  pole  charger  >: 
the  axis  is  so  arranged  as  to  keep  the  induced  current  m.rz: 
always  in  the  same  direction  ;  when  so  arranged,  and  its  !ff 
minal  wires  connected  with  a  galvanometer,  a  deviatioD  of  - 
needle  iiulioates  the  dow  of  a  current  to  the  cast  or  the  wc;  ic 
OHding  to  the  direction  of  the  notation. 

li>$9.  Idantily  of  alactricity  from  whatever  ■oorca^I: ;. 
lows  &om  all  that  has  heen  said,  that  the  phenomena  of  ziz 
setfo.  static,  and  dynamic  electricity,  are  all  capable  of  Ne:': 
produv-wi  caoh  by  the  other ;  and  the  conclusion  seems  wamc:*-- 
tbac  electricity,  from  whatever  source,  is  one  and  the  same  pov-' 
Numervus  and  instructive  forms  of  apparatus  have  been  derw: 
tc»  v:e'ji:o::<:r*:e  this  point,  as  well  also  as  to  illustrate  in  ^fjr. 
'.'?::  yr.v.".y'.c<  wo  h:ivo.  ibr  want  of  space,  heen  oor.?rk!:-. ' 
<:i:c  :•  :;7".-.<  -.  v  s.-v.c:-e.  Tho  stii-lont  and  tcachvr  w:.:  r*  .  • 
.>.■■.■.:  :•  :■•>:::  :Va  r.r.:rc<  of  Pavis's  Manual  of  Ma-:A:>r.     • 

;:*  ;ir:^ar.i:u>,  dv.o  to   the   injrenuiiy  r.f  Firi.j; 

"•.\-.v  .■:h--ni.     For  works  of  standard  a'.::r.  "■ 

:o  :\ir:i  :i\ '>  oxTvrinior.ial  ro:<oar^-hi.s.  an-i  !•■:  1- 

■•.  i"t  :r;.ity.  trioh  \:\  tViroe  ^clurnos. 

:::  s    ■::;\:s?r  :'y  :i  iv'^tioo   of  two   pleovs  kI  a:-: 

i   -::■.;  r- rv.os  or  ::M::ot:-."»n.  \i/  :  K\:hLA  :"?"? 

:■  :.  •:     -        "  a-  ;  ^  ■->..">  v-i --ttv^Ioctrio  apraratus. 

:    -      Ri:.-h:«?'*  Kuhmkcrf's  induction  coil I:  ;<  :'riv    ' 

.    .  .  .        *"      *        ■ 

^. ...  ..    ...-.■.       •■.     <: -.•...  c.f.::r'.-.;y.     j:s  ..ri!«i,'i:v  t-  :  ■  •■  ■ 

!S  N^  *    ■;-■"  ■.'    .".  '  :  ■ .-  :    ":'  7:v..i::a<  an*  a:n«-r.  j  rhv  r-...<-  <  ■•  --  -  - 

.      •  '  ■  1    ■ 

»::  :    :-^:r.,.^.     ■    ^  \:  ^r  ".::;:a.  :  :;\<:.'<.      ii.o   :awv.  %:v    :     • 
kV ■>:-.■:         .;    ^1'    "^  :  .'■..o.  o!"  l»o>:-^n,  his  j:v..n   -:>  a-.     '-— . 
IV..--:   ^.r.    :\r  >..-:■.<>.:: j   arvthir.c   Kforo    kr.i-wr    i-^    :'• .    ••■ 
c:v.-.<  V  I  ::■  .;■  :.  ,     . ..    ri'.Li  Kuhiiitiortf.  oi    P.-ir:>.      T:...   -j  > 
.*r  :"V'»  <"  ;r  •:  :v  ->   Vio  ohioriv  to  the  i:i.^.io  -f  w-n*  '  •  •'■■<■  -•- 
^»  re  .-:  '.    '■•  ^^  .    ■•   ■.:  :<  r  <>i"'\o  t.-*  i:<e  with  s.i-.'.xs  a  m  -     :" 
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meats  nude  by  RuhmkortC  hu  been  kbont  tea  tfaonBtnd  feet. 
The  extreme  length  of  spark  obtained  by  the  European  instni- 
meots,  was,  for  the  French,  about  tao  inches,  (Jean's,)  and  for 
the  English,  fovr  inches,  (Hearder's) ;  the  American  imtrumenta 
have  projected  a  torrent  of  Bparks  over  tathe  inches  in  free  atr, 
and  the  one  ehowD  in  flg.  0B9,  has  a  capadtj  of  about  nine 

The  chl«f  parte  of  thi*  apparattu  are  the  two  coiK  an  interroptor 
to  the  primary  circuit,  609 

and  the  eondenicr. 
TbiM  last  appendaj^a 
eoDdsta,  in  tha  inetru- 
icent  figured,  of  oiie 
limidred  sqaara  feet  "f 
tin  foil,  dlTided  into 
tlirea  batteries,  (tiro  of 
80,  and  one  of  40  feet,) 
whoM  termioi  an  at  r. 
The  tin  foil  of  Iheeog- 
daneer  ia  earefulty  in- 
•ulatcd  by  triple  fold; 
of  Taniiahed  tlMQa  pi- 
per, and  laid  away  in 
thebaMoftheioitrii-  ' 
ment.  The  olijeet  of 
the  eoadenaer  (wbirli 
li  dae  toHr.  FTaean)  \r  !■'  'It-irij  li_\  uilm  i!..ii  iln;  lt.  u'it  jxirt  of 
the  force  of  the  »jctTt-c*rrt»t,  <108e,)  which,  owing  to  the  Tcry  pow- 
erful magnetiam  darsloped  in  the  core  of  nofl  Iron  withhi  the  battery 
eoil,  would  otherwtaa  greatly  impair  the  power  of  tha  apparatm,  «• 
It  moTM  in  a  wnae  oppoaite  to  the  primaiy  snrrent.  In  the  initra- 
meet  flgnred,  orer  dzty-right  tfaoiuaod  feet  of  dlk  ooTared  copper 
wire,  tha  aottnt  and  pareit  poarible,  tweWa  thontandtha  of  an 
laeh  la  diameter,  (No.  SS  of  tha  wire  gauge,)  i>  wound  opon  the  <■• 
terior  bobbin,  O.  Aboat  two  hundred  feet  of  wire,  oneeerenth  id 
of  an  loeb  to  diameter,  (Ko.  0,)  forma  tha  indocing  wire,  wheae  enda 
+  and  —  are  viaibia  In  the  binding  «crew»i  A  beavj  glaia  bell,  a, 
inanlatea  the  eoila  from  eaeh  other  and  ita  foot  la  tamed  ontwarda 
by  a  flanch  aa  wide  aa  the  thlckncaa  of  the  coil.  The  induction  coil 
ii  aleo  inoaied  in  thle^  gntta-percha,     The  end*  of  thia  coil  (which 
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uvkttheoppodto  endaof  the  boblMo)M«  wtM  by  f 
ooieral  condnctors.  talwoglMs  inmilatiDg  staad*.  Imtlj  vo*t4tVk 
ii  licible  in  oar  figure,)  «her«  the^  end  in  aBdin^  rod*  im(Mc4«M 
plaliQam  at  one  eod.  sod  hBTiE^  ball*  at  tb«  oUto-.  ^m  intanit 
deviwd  b;  lb.  BitcMe.  U  the  to«Ui«d  wb«d,  b,  wtiieh  la^k^ 
buuner,  Uie  blows  of  whioh  lall  npoo  tbr  Knvil,  «,  brMkiM;MM 
bet««en  tvo  itout  pi«es  of  platiamn.  Tbe  FnnnnBii  i^i^iMa* 
pioTid^  Tilh  ft  Mlf-koliDg  break  pie«e ;  but  ii|iiiimn  hv  ^n 
bf  eompkrative  UiaU,  that  there  ia  an  adTaotags  ia  taijii^tk** 
jHdiirf  of  Ui«  intemiptioM,  aoeordiag  to  tbe  daaa  of  ^mA  la  W  W 
dnced.  and  that  a  certain  time  is  re<]auit«  for  Ui«  eon^Ma  il>0 
and  di«charg«  uf  the  loft  iroa  tnr^s,  longer  than  tiwMUOHBlMlaS 
pieer  Bltowa.     It  vIU  he  icadUy  nndervtood,  tl^at  tiuiajHtiMlia 

apparatus,  «b«o  Do  Mooed  has  found  it  expodlent  l«  vrileaM 
of  two  hunrlrfd  and  twentjr  pagM,  deroted  exaloairelj'  1«  a  iaaf 
tioD  of  ib  principUe  and  p«rfi>nnanee«. 

The  halltrf  fartm  Maded  to  excite  tLia  apparataa  ■  «ttj  mm 
three  large  died  eeOa  of  BkOHo'i  battery. 

1041.  ESoctaof  UMlndnctioacoiL — The  phfrioiofie^l^kB 
arc  so  distressing  and  even  dnDgerous,  that  too  greml  ore  eM*( 
be  tak«)  to  avoid  them.  U.  Quet.  was  confined  to  his  bed£a 
some  time,  after  baring  accidentallj  r«c«iTe(l  the  shock.  ^^ 
animals  arc  iaEtAntlf  killed  bjr  tta  discharge. 

The  Ivntitura*  r^eeU.—Wli«a  a  seriee  of  sparks  pames  beCnfl 
the  points  of  platinum,  or  between  the  balls,  thej  ar«  of  a  ap^ 
form,  and  accompanicdby  a  loud  noise  and  a  strong  odor  of  oc«t 
Their  color  is  violet  and  j«Iloirish.  If  the  points  are  within  ■■ 
inch  or  two,  the  stream  of  sparks  appears  to  be  cotitiDaoiMk  wd 
if  blown  by  the  breath,  or  b;  a  bollowB,  it  is  deflected  inM  i 
curvev  and  a  bri^t  Same  is  seen  pn^eetcd  (or  some  dictaocB  bt- 
jond  the  purple  or  riolet  stream  of  electric  lighL  The  cato  d 
the  fiamoTaries  with  the  nature  of  the  electrodes.  (987.)  Ifootd 
the  electrodes  is  covered  bj  a  small  glass  flask,  the  power  of  lb« 
induction  is  such  that  a  stream  of  violet  electricity  is  B«ea.  m  H 
were,  to  pass  direct];  through  the  glass,  while  the  baU  ol  Ih* 
flask  is  seen  covered  with  a  magniflccnt  net-work  of  Tiolet  light, 
ipread  out  like  the  blood  vessels  upon  the  eje<balL 

If  an  .E)iinus  condenser,  or  a  Leyden  ja>,  is  put  in  the  path 
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of  the  euirent,  irhile  th«  length  of  the  Bparit  la  dimlnlBhed  there- 
by ftbout  three-fourthft,  ita  intenaitj  ftnd  splendor  are  increased 
twenty  fold.  The  electric  light  then  becomes  inteDSolj  white, 
And  the  sound  of  the  exploHion  of  the  succesBiTe  sparks,  is  like 
the  snap  of  fulminating  mercuiT,  or  the  Bound  of  a  piMoL  If  a 
Newton's  chromatic  disc  is  cansed  to  revolTe  before  it,  eadi 
spark  CBiisea  the  colors  of  the  revolving  disc  to  appear  stationsr  j, 
although  withont  this  evidence  of  an  intermittent  character,  the 
stream  of  electaricity  would  appear  to  be  unbroken. 

In  a  TBcunm  tube,  or  the  electrical  egg  wdl  exhausted,  a  tor- 
rent of  roey  or  violet  fire  fltlls,  from  the  OSO 
positiTe  electrode  abore,  toward  the  n^- 
■tive,  which  is  surrounded  with  ft  blue 
and  white  light,  extending  down  the 
stem,  with  splendid  fluoreecenoe.  (S46.) 
If  the  vacuum  is  made  upon  vapor  of  tur- 
pentine, or  of  phoaphorua  in  the  egg,  a 
moat  wooderful  phenomena  ahowa  itself ; 
the  Mtalifieation  of  tAo  tUobneal  Ij^fttin 
alternate  bands  of  light  and  daAnen, 
surrounding  and  depMiding  from  the  poa- 
itire  pole,  as  indicated  in  flg.  680.  Ta. 
per  of  alcohol,  wood-naptha,  bidorid  of 
tin,  or  bisulphid  of  carbon,  may  be  med, 
each  with  a  different  effect 

Splendid  phenomena  of  flnorMcenee  with 
canary  oolorad  gla« — ohemieal  decotapoal- 
ttoiu,  dcfUgratiou  of  the  leaf  metal*,  dii. 
ehsrgea  of  Baihea  of  lightning  over  the  nr- 
faee  of  a  motallio  mirror,  ■  gilded  board,  or 
wet  table,  and  namerom  other  moat  beaalUbl 
and  Imtnutlve  ezperiraent*  are  made  with  ^ 
thti  apparatus    Indeed,  nearly  all  the  phe-  J 
nomena  of  itatlo  elaeljieity  are  ibown  by  tt,  * 
and  M>me  of  them  with  a  powerwhiohno 
tional  apparato*  ean  approach     It  Is  eurloo*  to  obMrva.  t 
■parkiof  this  kind  of  eleatridty  pai*  freely  from  pointed  wiree.  (926.) 

What  ii  Mid  o[  the  eomponnd  natare  of  the  ipark  t  How  ii  It 
made  more  latenie  T  Wliat  ti  Ite  effect  In  a  vaeuam  I  Deecribe  the 
BlatiBed  light,  and  iti  aonditione  I  Aboat  whieh  pole  i*  it  atatifled  t 
What  other  phenomena  are  named  t 


Ill 


ISO  KUBCTKICnT. 

EUetrieal  hlattiitg  hy  Buhmkorff 'a  coil  ia  auQ;  m 

661  bjtheascoTSta^i 

fuaa,  fig.  6fil,  wtiA  ■ 
^^  ODlyaninUmqiudat    I 

~ ^^     doctor,  A  B,m  wtii 

the  disdaip  at  foH 
a  i,  btnied  in  Ac  g* 

diiUnce  of  nWDy  milea,  <uul  ia  mmnj  distinct  e 

holes,  at  the  eame  instant    This  mode  of  blAstJng  « 

plied  on  an  extended  scale  in  the  constTucti<ui  <tf  llw  ptaifafr    ■ 

flcatiooB  at  Cherboui^  bj  Napolec»i  IIL  i 

sists  of  a  powerful  magnetic  batterj-i  -^  fig-  603,  damped  at  Ai 
662  upright  bovd,  4  brtbedvf 

The  wbael,  ^,  pidB  ia  v 
B  tioD  two  helices,  ff  O,  mmi 

i  upon  ft  rotftting  amaton  it 
The  electrical  na- 
I  rent  induced  in  the  ooils  is  ifi- 
I  terrupted  by  the  spring,  t 
■  »k,  Q,  which  rubs  on  the  ic- 
temipted  back  piece,  if,  whilt 
the  circuit  is  completed  bv  ib« 
hook,  O,  passing  upon  the  coa- 
tinuous  part  of  Ihc  spindle,  £■ 
A  stout  wire,  T,  movable  m 
pleasure,  connects  the  I'D 
sidos,  if  and  _\',  otherwise  in- 
sulated by  the  piece  of  cirr 
wood,  Z.  When  the  coils  in 
rapidly  rotated  before  the  po!as 
of  the  magnet,  lie  current  is  interrupted  twice  in  every  revolo- 
tion  by  Iho  hook,  Q,  with  the  production  of  a  brilliant  spark. 
If  the  coils  are  composed  of  a  long  and  fine  wire,  (hen  powerful 
shocks  will  he  experienced  liy  one  holding  the  handles  J!  and  .^ 
but  capable  of  a  great  graduation,  by  changing  the  position  of 
the  break  piece,  //,  wilb  reference  to  llic  point  ol  the  ri'vuluiion 
nhcn  it  leaves  Q.     These  sliocLs  in.-iy  be  made  ijiiitc  intolenibie. 


'^^ 


r 


ir>4i  Describe  Clarke's  magneto-el 


apparatus,  and  ita  etfecti  I 


cinvBMALiTr  or  ilictiical  ucmifENT. 
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If  tha  randneUng  wifM  of  tlie  tnt«iuitj  Mdl'tannliuile  Id  k  d«com- 
podng  appuvtn*,  flg.  flflS,  MS 

minDU  Injiu  of  gai  bubblei 
AM  MSD  to  riu  from  th«  • 
platinam  poioU  nader  titet 
tnbM,  ihowing  tbe  produe 
UoQ  of  djuamii  from  mig-4 
n«Cie  eUetrloity.     Other  ef- 
facU  of  the  intsDH  clus,  ■■ 
the  deeompoaltion  of  lodld 

of  potM^am,  m«y  alii)  be  

produced  with  it     Snbatitiiting  t,  ecol  of  large  wire,  not  OTer  two 
hundred  feet  long,  for  the  imall  long  wire,  the  ji        ' 
prodoeed,  tmm  which  brfllUst  iparki, 
the  deflagntioD  of  meronry,  vxS  utiiig 
fire  to  ether,  m  in  fig.  Ml,  may  be  pro- 
doeed ;  meroary,  In  a  eopper  epooo,  B, 
it  tonahad  bj  tbe  reTOWing  pointa,  ^ 
OQ  the  end  of  the  a^   d,  and   with 
eTsry  diimptlOD  of  the  eiianit,  the  e>- 
tra  eorrant  diaehargea   with  iplendld  a 
effecb     A  platiDDm  wire  may  alao  be 
Ignited,  tuid  electro-nagneta    charged 
by  tbe  lame  anaatorea.  ^ntne 
all  the  effeota  of  electricity,   phyaical  ] 
and  phyriologioal,  eomlng  from  a  m 
net. 


1043.  UnlvwMlitr  ot  alMtrioal  escUauaBL — Ererj  changtt 
ia  the  phjaica]  or  cbemickl  condition  of  matter,  nimini  to  b«  at- 
tended with  eleclriotl  excitement  This  ia  orident  tnmi  the  phe- 
nomena attending  the  clearage,  or  pulreriaing,  of  many  minenli 
and  cryBtaUised  aubetanceo,  aa  mica,  lugar,  liao-bloDdc^  and  nu- 
merous other  aubotaooeo  which  ertdra  li^t  when  suddenly 
cloaTod.  If  precautions  ar«  Uken  to  insulato  these,  as  with 
mica  it  is  easy  to  do,  by  sealing  wax,  they  also  show  the  affeota 
of  electrical  excitement  hy  the  condenser.  The  production  of 
crystals  is  often  also  accompanied  by  electrical  lig^t. 


104S.  Whatia  eaid  of  the  oi 


N  of  eleetrleal  aieltementt 


of  pooHiiv  docttv^ 

K  to  tile  antimoBj.  & 

is  giTcn  to  ttusamap- 

^  C«4L  an 

s  BBioplxr  »  ibmed.  (1010.)  by  whid 
zxtfiile  B  deflected.     Hie  thoBD- 
anDaiffiBr  ef  N;<ibci  sad  Hdlani  or  tbermoscopc»  (521, 
MIL.   ^  teiHC  «r  aSMR  £JlT  MBote  hers  of  aotimooT  aod 
«K  ^QSKQiK  MUcfcd  togeOicr  et  tlicir  al- 

IXejprees  of 


aMKcred  by  the  inducnce  of  the  tfacr- 
nmvat  excited  in  tl>H  appt- 
■uihifdicd  in  the  galraoocBe 
.c^C^)  Atvistcd  wiIvefeopffx>- 
■<^"Clectric  ciment  vheo  tbf 
9VCVML  3$  ceKtirhceied.  and  odier  solids  besides  mcfiili 
ik  ipt^rgetpthiiiycieiefd«ukatT,  TheoHer 
^  v^ii:^  ^e  »««a;^  stasMi  in  xtiBTCnee  to  this  iwvcr  B  iHm^ 
::^etfcwY^te»?jeci«>  and  appeals  whted  to  no  oUier  known  pffqp- 

5i  ^ti*2  TOTwal  Aad  ehceiical  chaagw  doai  d«ctrical  ezntcmcat 
«^-v  d&ftC       I.«W.  Wia:  1* ihenno-deetridiT I     ^'bo dueor«r«d  it, 

thtrvMiKtf^  *    Uov  do  tb«  BMtaU  take  raak  ia  Oum  ttauHA,  f 
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art  J  of  thHeelemmta.  The  nnk  of  ths  prindpftl  m«Uls  in  the' 
thenDo^ectric  Mrie«  is  as  follows,  beginning  with  the  poeitive: 
bismuth,  mercury,  platinum,  tin,  lead,  gold,  silver,  sine,  iron, 
kntimonj.  When  the  junction  of  any  pair  of  theae  ia  heated, 
the  current  paasea  from  that  which  is  higbeat  to  that  which  is 
lowest  in  the  list,  the  extremes  affording  the  moat  powerful  com- 
bination. 

If  we  pass  a  feeble  current  of  electricity  through  a  pair  of  an- 
timony  and  bismuth,  the  temperature  of  the  system  rises,  if  the 
current  paasea  from  the  former  to  the  latter ;  but  if  from  the 
bismuth  to  the  antiroony,  cold  is  produced  in  the  compound 
bar.  If  the  reduction  of  temperature  is  slightly  aideS  artifi- 
cially, water  contained  in  a  catity  in  one  of  the  bars  may  be 
(tozen.  Thus  we  see  that  as  change  of  temperature  diaturba  the 
electrical  equilibrium,  so  conreraely  the  disturbance  of  the  latter 
produces  the  former. 

104S.  Animal  ■Uobrioltr^-Tbe  rewarchea  of  Oalvani  early 
established  the  existence  of  currents  of  electricity  in  the  animal 
organism,  flowing  from  the  external,  or  cutaneous,  to  the  inter- 
nal, or  mucous,.  Burbcea  of  the  body.  Aldini,  who  wu  a  teal- 
ous  adrocate  of  Oalvani's  clainw,  du-  667 

ring  the  controreray  between  tlic  fol- 
lowers of  OalTani  and  Toltn,  drmon- 
Htrated  the  existence  of  buj'Ii  a  cur- 
rent by  the  legs  of  a  frog,  tlic  lumbar 
nerra  being  brought  in  oonlitct  with 
the  tongue  of  an  ox  lately  killed, 
while  the  band  of  the  operator,  flg. 
667,  wet  with  aalt  water,  grasps  an 
ear  of  the  aninia],  to  complete  tho 
circuit  The  legs  are  then  conrul^iod  i 
as  often  aa  the  nerres  toucli  tlii? 
oouB  lurbce  of  the  tongue.  'I'litx 
deliealo  electroecope  also  shows  similar  eicitcniont  when  its  pen- 
dulous ischiatic  nerves  touch  the  human  tongue,  the  toe  of  the 
(tog  being  held  between  the  moistened  thumb  and  finger  of  the 
experimenter.  Or,  when,  as  Aldini  showed,  contact  is  made  be- 
tween the  muscles  of  the  thigh  and  tho  lumbar  nerrea  by  bead- 
ing the  legs  of  a  vigorous  fivg,  contractions  immediately  follow. 


l>Cn>f&  Tte nriteUr  nnsdOT of  tW  i 
HwKOp*  fiftT-«ix  tbouEADd  ttKMs  nore  d 
4dnw  pM  kid  deetraneur.     Du  Bon 

Ii  itiMiMi il  ihii  iiimmrr  nf  tho— q 

MO  bv  A*  Hit  «f  Ac  fthancaetar. 


pttKar*  povMfol  cvnDls  of  iteti™!  d 
Kmos  «f  ilel«»(e.  «  <f  cspCning  tfaor 
cl««tnad  Ml  •rSn 


the  ■IT  J  of  *  pOc. 
TctT  TidcDt  sbeck  is  lecriTcd,  «Bcb  ■>  lodii 
taHLomM  •  horn.  ProC  Utounai  ha 
dMife  m  Lcrden  jar.  bj  piling  tbc  torpedo 
•rm^cd  Oe  tba  plaUB  of  a  coDdoHer;  an 
Isbed  an  iaMvsrinz  accoont  of  bis  cxprrim 
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f    interesting  subject,  tnd  to  »  memoir,  on  the  Amerioftn  Torpedo, 
,     (Dr.  D.  H.  Storer,  SilL  Jour.  [1]  zly.  164.) 


METBOROLOOT. 

1047.  MeteoKOlogy  is  that  branch  of  natural  philosophy  which 
treats  of  the  atmosphere  and  its  phenomena.  The  subject  may 
property  be  divided  into  three  parts.  Ist,  Aerial  phenomena, 
oomprehending  winds,  hurricanes  and  water  spouts.  2d, 
Aqueous  phenomena,  including  fogs,  clouds,  rains,  dew,  snow 
and  haiL  8d,  Lumhious  and  electrical  phenomena,  as  lightning, 
aurora-borealis,  rainbows:  to  which  may  be  added  meteorics  tones 
and  shooting  stars. 

Before  commencing  the  consideration  of  the  phenomena  above 
mentioned,  a  few  words  will  be  said  of  th«  distribution  of  tem- 
perature over  the  surfece  of  the  earth. 

1048.  OUmates,  seasoM< — ^By  climate  is  meant  the  condition  of 
a  place  in  relation  to  the  various  phenomena  of  the  atmosphere, 
as  temperature,  moisture,  &c  Thus  we  speak  of  a  warm  climate, 
a  dry  climate,  ^ 

A  $ea§<m  is  one  of  the  four  divisions  of  the  year,  spring,  sum- 
mer,  autumn  and  winter.  Astronomical  seasons  are  regulated 
according  to  the  march  of  the  sun.  In  meteorology  it  is  sought 
to  divide  them  acoording  to  the  march  of  temperature.  Winter 
being  the  most  rigorous  of  seasons,  it  is  so  arranged  that  its 
coldest  days  (about  January  15th)  fell  in  the  middle  of  the  sea- 
son. Hence  winter  consists  of  December,  January  and  February ; 
spring  of  Karch,  April  and  Kay,  &c  Few  meteorologists  have 
regard  to  the  astronomical  divisions,  which  make  winter  begin 
December  21st. 

1049.  Tnflnenoe  of  the  sun. — ^The  sun  is  the  principal  cause 
that  regulates  variations  in  temperature.  In  proportion  as  this 
luminary  rises  above  the  horizon,  the  heat  increases;  it  dimin- 
ishes as  soon  as  it  sets.  The  temperature,  also,  depends  on  the 
time  it  remains  above  the  horizon.  The  sun,  in  winter,  sends  its 
rays  obliquely  upon  the  earth,  and  at  this  season,  therefore,  less 
heat  is  received  than  in  summer,  when  its  rays  are  more  nearly 
perpendicular,  (572 ;  8d.)  Mathematicians  have  in  vain  endeavored 


1047.  What  is  meteorology  f  How  is  it  divided  f  1048.  What  is 
climate  and  what  the  eommon  tiffnifioaDce  of  teaaon  t  1049.  How 
does  the  ton  iniloenee  the  climate  r 


IvcM  PtrkiMplria.  h  SMmd  to  be  en 
9f  akag  (he  svasee  of  aS  the  ^ 
1-«L  TMJ 


TUavanaiaon  ■  tmug  to  ciarietj  of 
the  ckntkn  and  fan*  of  the  bud,  praxia 
vato-,  Ifae  gcDcral  diraetioa  of  wimh,  Ac 


1062.  Tada 
of  tbc  ah-  dimiiiklKS  with  tbe  altitade. 
WMJ  be  Rated  that  there  ii  a  duninntion  j 
F.  for  ereiy  343  feet  of  eleratioa.  Od  ristE 
of  tbe  M*,  the  rate  of  decrease  H  mme  rapid ; 
is  reached,  it  proceeds  more  slowlj  -,  but  in  i 
it  again  increanes. 


cAcn  or  wnriM. 
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highest  near  the  equator,  and  sinks  towards  either  pole,  as  is 
shown  in  the  table  below. 


i 
I 


Placet. 

Latitude. 

i*now  lines. 

Straits  of  Magellan, 

64' 8 

8,760  feet 

Chili, 

41' S 

6,009     " 

Quito, 

00' 

16,807     " 

MezioOy 

19"  N 

14,768    " 

87"  80'  N 

9,681     " 

Kamtachatka. 

56"  40'  N 

6,248    " 

1054.  Iioth«rmal  Unes. — If  all  the  points  whose  mean  temper- 
ature is  the  same  are  connected  by  lines,  a  series  of  curves  are 
obtained,  which  Humboldt  was  the  first  to  trace  on  charts, 
and  which  he  has  named  iioth&nneSj  or  Uothermal  linei,  (firom 
iioi  equal  and  thenno9  heat).  The  latitude  and  longitude  are 
the  principal  conditions  which  determine  {be  temperature  of  any 
point  upon  the  earth's  surfiuse,  but  the  influence  of  these  conditions 
is  greaUy  modified  by  numerous  accidental  and  local  influences : 
hence,  the  isothermal  lines  present  numerous  sinuosities  instead 
of  passing  around  the  earth  parallel  to  any  degree  of  Utitude.  The 
introduction  of  isothermes  formed  an  important  epoch  in  meteo- 
rological science,  for  by  it  hare  been  established  the  great  Uws  of 
the  distribution  of  heat  orer  the  surfiu^  of  the  earth  for  the  four 
seasons.  The  chart  of  isoclinal  lines,  fig.  625,  serves  to  illustrate 
also  the  general  direction  and  place  of  isothermal  lines,  (896.) 


AERIAL  PHnfOVINA. 

1055.  Oaosa  of  winds. — ^Wind  is  air  in  motion.  Winds  are 
generally  caused  by  variations  in  the  temperature  of  the  earth, 
produced  in  part  by  the  alternation  of  day  and  night,  and  the 
change  of  the  seasons.  The  air,  in  contact  with  the  hotter  por- 
tion of  the  earth  becomes  heated,  and  being  lighter  than  before, 
rises,  while  the  surrounding  air  rushes  in  below  to  supply  its 
place.  The  revolution  of  the  earth,  on  its  axis,  also  comes  in  as 
an  important  modifying  cause  of  the  thermal  conditions.  Winds 
are  also,  sometimes,  caused  by  the  sudden  displacement  of  large 
volumes  of  air,  as  in  the  £dl  of  an  avalanche,  and  by  a  rapidly 
moving  railway  train. 


1068.  Give  the  limita  of  perpetual  tnow  in  theUblei    1064.  What 
are  iaothermal  lineel    To  what  are  theM  relatedf    1066.  What 


cautea  prodoee  windal 
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On  the  oomU  and  isUindt  within  the  tropica,  and  to  some  ex- 
tent in  temperate  reg^ona,  a  wa  hreexe  ^ily  oecnrs  flowing  from 
the  sea  to  the  land  daring  the  day ;  as  it  gradually  snbddes,  it  is 
succeeded  by  a  land  hreexef  flowing  from  the  land  to  the  sea.  In 
•ome  places  these  breezes  are  scarcely  perceptible  beyond  the  shore ; 
in  others,  they  extend  inland  for  miles. 

The  causes  of  the  land  and  sea  breezes  are  very  apparent.  During 
the  day,  while  the  sun  shines,  the  land  acquires  a  higher  temperature 
than  the  water  of  the  surrounding  ocean.  The  air,  above  the  land, 
becomes  heated,  and  riseSb  To  supply  the  place  of  that  which  has 
risen,  air  flows  in  from  the  sea,  constituting  the  sea  breeze.  But 
when  the  sun  desoends,  the  land  rapidly  loses  its  heat,  by  radiation, 
while  the  temperature  of  the  oeean  is  soarcely  changed.  In  conse- 
quence of  this,  the  air  above  the  land  becomes  cooled,  and  therefore 
more  dense,  and  flows  towards  the  water,  constituting  the  land 
breeze.  At  the  same  time,  in  the  higher  ragloM  of  the  atmosphere, 
air  flows  in  firom  th«  sea  to  the  land 

1058.  Vailabla  wlnchi  are  ihoae  which  blow  sometimes  in  one 
direction,  sometimes  in  another.  The  direction  of  winds  is  influ- 
enced by  nnmerons  causes,  as  the  nature  and  form  of  the  sur- 
flice  of  the  earthi  the  proximity  of  large  bodies  of  water,  ftc.  In 
these  Utitudes,  the  direction  of  the  pretailing  winds  is  from  the 
north-west  to  the  south-east 

1059.  HmloanaB  are  terrific  storms  often  attended  by  tfaunde' 
and  lightning ;  they  are  distinguished  firom  erery  other  tempest 
by  their  extenti  their  power,  and  the  sudden  changes  in  their 
direction.  From  numerous  obsenrations,  ^  it  appears  thst  hur- 
ricanes are  storms  of  wind,  whidi  rerolye  around  an  axis,  up- 
right or  inclined  to  the  horizon,  while  at  the  same  time  the  body 
of  the  storm  has  a  progressive  motion  over  the  surfiu^  of  the 
earth.**  This  law  has  been  established  by  Redfield  and  Reid. 
Their  progressive  velocity  varies  ttom  ten  to  thirty  miles 
per  hour;  the  rotatory  velocity  is  sometimes  as  much  as  a 
hundred  miles  per  hour.  The  diameter  of  a  hurricane  is  from 
a  hundred  to  five  hundred  miles,  though  sometimes,  as  in  the 
Cuban  hurricanes,  it  is  much  more. 

1060.  Tonuidoes  or  whlriwinds  are  distinguished  fit>m  hurri- 
canes, chiefly  in  their  extent  and  continuance.  They  are  rarely 
more  than  a  few  hundred  rods  in  breadth,  and  their  whole  track 
is  seldom  more  than  twenty-five  miles  in  length.    The  continu- 

What  causes  land  and  sea  breezes  f  1058.  What  are  variable 
winds  t  1069.  Describe  hurrioanss.  What  is  their  extoit  and  t%> 
loeityl    loea  What  are  toniadoes.thfiTAMDiXamaA^'aoNAMsA 


^Kc  of  towJw  is  bat  ■  frw  secwnA  at  anj  otM  phet   TV 

v«  ftinrrnrt  of  gnat  mo^j,  aprooting  trees,  oftnac:^ 
fc^rMii  I     wkl  dc&tnmng  crops. 

I'M'-  WaAH^oarts  diilcr  from  wluriviiids  in  no  otbci  n*ff- 
liWD  dtu  wmCer  B  mbJKted  to  their  aetioii.  instCM]  of  bodk 
apoB  ch«*ar&ccof  the  Iknd. 

TiMTipocB  in«  •p(<«>r  u  an  iDTert«d  coae.  exunSaf  j^n- 
wvi  frioi  ■  <i>rk  elood.  As  th«  coa^  apfjvxMchv  thf  v*t<t.  it 
httr  Vkb—i  igicaMd.  tfac  ^n*  riM*  higher  utd  higher,  vd  lab 


:>■--    i..:.;..:::./^u!.r  .-..n,.!,,^.  fr..n.  V..-.:,.   i/r  .-    *■ 

;,  Aatn^metan  iro  instruments  dcsi;^ed  to  nn'min?  At 
r  S  "iovli     Wilimiims  ineiiiomeUT  is  ono  of  die  l«il. 


W^«:  gr*  viWnpuuu  t    To  vhit  c>n!>M  ucriL-ciI  : 


mTMIBTlT  OF  tHB  AIR. 


991 


^    It  oonsists  essentially  of  a  small  wind-mill,  to  wbidi  is  attacih* 

t    ed  an  index  marking  the  number  of  reyolutions  per  minute. 

The  stronger  the  wind,  the  greater  the  number  of  reyolutions 

,     made.     The  necessary  data  for  ascertaining  correctly  with  this 

f     instrument  the  velocities  of  winds,  are  easily  obtained  as  follows. 

Nothing  more  is  necessary,  than  on  a  calm  day,  to  trayel  with 

tiie  apparatus  on  a  carriage  or  rail  car,  obserying  the  number  of 

revolutions  made  in  going  any  known  distance  in  a  given  time. 

The  effect  will  be  the  same  as  if  the  air  was  in  motion.     A  table 

is  then  eonstnicted,  indicating  the  velocity  of  a  wind  which 

turns  the  saite  forty,  flfty^  sixty,  or  more  times  per  minute. 

1068.  Thm  ynHoabj  of  winds  varies  from  that  whidi  scarcely 
moves  a  leal^  to  that  which  overthrows  the  staunchest  oak. 
Smeaton  has  dsssifled  winds  as  follows,  aeoording  to  their 
velodty  and  power. 


V«loelKfofcb6wlB4. 
MUM  pw  boor. 

PMpndleiilar  fi»ree  ob  om 

CoauBOtt  •pptllattoa  U 

1 
4 
6 

10 
16 
20 
26 
80 
86 
40 
60 
60 
80 
100 

.006 
.079 
.128 
.492 
1.107 
1.968 

ao76 

4429 
6.027 
7.878 
12.800 
17.716 
81.490 
49.200 

Hardly  pereeptible. 
Gentle  wind 

-PleMantbridigale 

Very  brisk. 

High  wind. 

Very  high. 
Storm. 
Great  storm. 
Hurricane. 
Violsnt  harricane. 

AQUBOUS  PHXNOMKHA. 

1064.  Hmnidity  of  tlia  air. — ^Vapor  of  water  is  always  con- 
tained in  the  air.  This  may  be  demonstrated  by  placing  a  vessel 
filled  with  ice  or  a  freesing  mixture  in  the  atmosphere;  in  a  little 
time  the  vapor  from  the  air  will  be  condensed  on  the  walls  of  the 
vessel,  in  the  form  of  minute  drops  of  water,  (626.) 

Air  is  said  to  be  taiurmUd  with  moistmn  when  it  eontaios  as  maoh 
of  the  vapor  of  water  as  it  is  eapable  of  holding  op  at  a  given  tem- 


1062.  What  are  anemometers  t  How  are  they  graduated  f    lOAt 
What  is  the  valoeity  of  various  winds  enumerated  in  Iha  Is 
1064.  What  U  said  of  the  humidity  of  the  air  t 


■  - --*  »* .  ZL      A  *  •*  szMZtt  1*  i-f r-£i  i -t 
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TIT*  n.  "Ui*  zr-mi.  _i:fi-ei.''*  :•:'  i.":».i:.-:r:^    —  Tniirrr  4^-   r«n--"-%: 

1^.  •■      *  «  "  -     ■».  -       ^-J.--^  •xt-'",''*    "■."•      *  •  i      «  -rf.    "-— "^      -  —  «  ••  — .__    _  •  *  - 

■*^  —      '  ■■  —  -      -    ~-  ~~    ..— J-t     •••       —   .      ft  .^•. « ^  .*z     —   ^A_Tr^T  —III-  ,»      «  •       *'_m    m.     "■ 

1  »r    Hyxrsaaeten  ir*  iz^trz=."?nt5  r  r  whi  :b  the  ^>~-.- -r 

li:- 1?  :.:-e— L^<-:  iritli  ti:**r  «::' tancrs,  bj  illir^  x  —V^  ^::i.  ciTio- 

:::  '1^  ir:r*J.*<  ir  ir«Uht  of  the  luU.  af:«r  the  6Tper:r_.r :.  "11-2*. -a'"** 
li*  ▼•H^t  cf  Tzcisz-zn  prr*«r.:  in  :ho  air.     This  m^ihc-i  v:^:ij  lir 


H.-c- =:- •*-  T4r->r  of '•rat^r  oar.  ::  a>^-.rha*  -l".!:..  r-r.t  v  rr--raT-  -.- 1 
♦*4.  n  ▼  iry  :*r:i.f  abvi;.t.  &tA  r*:latire  hiinij.ijty  t.-  '^^  tinier- 
»••     ; -iM.  Wh*:  are  h v^romet^ra  ?     What  is  ihe'ch^inkAi  aoj. 
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HTOBOllvraM.  flB3 

I         Ufgnmettn  af  ■iwiyliam  kre  faQoded  on  111*  foet  tliat  Mitaln 
oi^nio  (DlMUneee  elongate  m  a  humid  atmoipheni,  870 

■nd  contract  in  a  dry  atmosphere.  Saiusare's  liy- 
groDiater,  Sg.  670,  couiit*  of  a  metal  frame.  In 
which  i*  bang  a  hair,  e.  Tliia  hair  ii  fut«a«d  at 
upper  end,  i(,toauraw,<i6,  the  other  end  paweioi 
a  pulley,  a,  and  U  itretehed  tight  by  a  lUk  thread, 
anda'weight,p,alaaatt)u3b«dtathepnlley.  Theazii 
of  the  polley  carries  a  needle,  whieh  moT«a  over  a 
gradoated  Kale  ai  the  liair  is  lengthened  or  thort- 
eiied.  The  liwtnuueiit  ii  graduated  by  marking 
xero  at  that  point  on  the  mle  at  which  the  needle 
■tope  when  the  apparatna  ia  placad  in  a  perfectly 
dry  atmoaphere,  and  one  hundred,  al  the  point  the 
ueedla  marka  In  an  almoipbere  wtuntod  with 
inoiatare.  He  Interral  between  theee  two  point* 
la  then  diTided  into  one  hundred  eqnal  part*, 
which  Indicate  different  d<^;ree*  of  humidity. 

Founded  on  the  lame  piineiple  aa  (he  Initnt- 
ment  abore  dewHbed,  are  AvfracMp**;  theee  thow  I 
whether  there  ii  more  or  leaa  moiati 
noapbere,  but  Airalih  do  indiestion  of  ita  aiuoniiL  ' 
TheyaranauallymBdeinthafonnofahumanBtpire.  IfmiMbmoiitara 
1j  prMcnt,  a  eord  within  the  apparatoa,  inereMM  in  length,  and  drawa 
up  oTar  the  head  of  the  figure  an  umbrella  or  hood ;  a*  the  air  b*- 
comea  leaa  humid,  the  sord  eontracta,  and  the  coTeiing  falla.  Soma 
•eed-TeaaeU,  m  the  oapmlee  of  a  epeciee  of  Ubitnt,  common  In  Aii« 
Hiaor,  act  aa  lentitlTe  hygroacopea,  opening  and  ctodng  with  ehangea 
of  moUtare  long  after  they  hare  been  remoTed  &am  the  plant. 

Of  amJaualibn  hytrwmtttrt,  the  beat  071 

known  ia  Daniall'i,  fig.  671.  It  eonairt* 
of  a  glaat  tube  bent  twiee  at  right  angles, 
having  a  bulb  at  dther  extremity.  The 
bulb.  A,  ia  partly  filled  with  ether,  into 
which  ia  inaerted  the  ball  of  a  deli- 
cate tharmometer  Inclosed  in  the  item  of 
the  inatrumant.  The  tub*  li  filled  with 
lb*  Tapor  of  ether,  the  air  having  been 
driven  out  The  bnib,  B,  la  covered  with 
fine  mulin.  Upon  the  mpporting  pillar, 
■  leoond,  thermometer  ia  placed.  In  order 
to  det«nniDa  the  daw   point,  or  hygronetrie  atata  of  the  a 


■  toawKJ  by  Ui,  B>Ura>l'aii«i—.l«fc  'At»>*B 


■n>»  bsHi  of  f  L  .d  whli  Cm  muBa,  ttabn 

vd  •(  *Uch  ^_  I  «  man  r^ 

glua.   MMitaiidiig  r;    by   thM    I 

t«lh  11  eoDtiDiMllj  srpt  iBDnt.  ErspoiUMa  ^" 
pl»e*  from  th*  mcnft«Ded  bulb,  with  ■  njtJitj  n 
e  wili  the  hnmiffily  of  lie  ttmotjibtn,  ni  •  • 
rwponding  depresEioD  bi  tie  tampwBlare  of  Ibt  Ite 
mom ctcr  u  produced  The  b jgrometric  Mate  tf  tW  M 
oiiwptere  i*  det«nBiDed  from  the  obMTred  i 
in  tiie  ITO  thermomet^n  bj  the  o 
vliich  TcfereDM  maj  be  had  to  llu 
t«ractioDt  for  tneleorologitaJ 
■■  Boj^i  PnenmaiiCT."  p.  lift  TV**  t 
m»d*  on  the  Smithaonian  model  by  Jane*  Ono.  rf 
^  Nur  YoTk.  vbtse  barometers  bai-a  bvcti  LlIiii  n 
ferred  to,  (SK.) 

lOer.  Fogi,  or  ml*t>,  are  risible  npon  that  float  in  Ac  *l 
mosphen.  Dear  the  surface  of  the  earth.  Fogs  are  prodomd  h 
the  unioii  of  a  body  of  owl  air  with  one  that  is  warmer  aad  ha- 
mid  M«iy  phUosopheni,  as  Saussure  and  Ki»t*«nslein.  oxMte 
that  the  giobulea,  or  vesicles,  of  which  a  fog  is  oompattd.  m 
hollow,  the  water  seiring  only  as  an  eoTdop*;  it  is  profaaUa.  4 
this  is  true,  thai  the  Teaiclw  are  mixed  with  a  gnu  qmatitj  U 
drops  of  water. 


10B8.  Olooda  are  muBeB  of  npor  th«t  flokt  in  tho  upper  r«- 
gions  of  the  atmosphere.  Thej  ire  dietiDguished  from  fogs  only 
b;  their  altitude ;  thej  always  result  from  the  partial  condensa- 


tion of  tha  vapors  that  risa  from  the  earth.  Aa  clouds  oflea  float 
in  regions  whose  temperature  is  many  degrees  below  the  freeaing 
point,  they  are  sometimes,  no  doubt,  composed  of  frosen  particles. 

1069.  OlaMlfioertlon  of  olonda. — Clouds  are  generally  divided 
into  four  great  olassea,  tie  :  the  ntmdu  ;  the  cumulut ;  the  lira- 
Uit,  and  Uie  eimUf  as  shown  in  the  diagram,  fig.  678. 

Hit  ttinti**,  or  nin  olond.  (nimbDi,  itorm,)  has  a  oharaAteriltlo 
■torm-like  form ;  it  i>  dLstlDgaUbed  from  other*  by  its  uniform  grey, 
or  blackiih  tint  and  itt  edgea  fringed  with  ligbt. 

The  atmuliu,  (cumului,  ktap,]  appear*  oft«D  in  the  form  of  a  he- 
mliphcrc  resting  on  the  boiiion  aa  a  baas ;  o(lenlim<B  in  dataehad 
mawea,  gathernl  ia  one  vatt  eloud  When  lighted  up  by  the  tnn, 
they  preMDt  tha  appearaoce  of  moantalni  of  uiow.  Ihe  enmalai 
it  the  cload  of  day  ;  in  the  fine  dayi  of  ■nnimcr  It  i*  moat  perfect. 

Tb«  itratHV,  (itratai,  eea«r)nf,)coiuiitiof  iheeta  of  oloDd.or  layeri 
of  vapor,  Btretehing  along  and  reatiog  upon  the  hortion.  It  fonn* 
aboDt  nin-aet,  Ineraaioa  during  the  oigbt,  and  ditappean  about  eun- 
riM.    It  floata  at  a  moderate  elevation  above  the  earth. 

The  «Jrr«f,  (eimu,  earl.)  ninally  reaemblea  a  distended  look  of  h^, 
being  oompoied  of  itreaks,  or  feathery  filamenfa^  awnming  every 

How  doei  the  vapor  aristl    vwa  -m 


pable  of  Kbfiorbing  the  Sftme  mmoutit  of  mi 
reUin  if  they  hid  not  united.  If  the  ex 
nin,  if  it  is  <rf  slight  amoant,  it  appeuv 
tion  of  lain  ia  the  result  of  the  l»w,  that 
moisture  decTMaes in »  higfaeriKtio  thui  i 
ion.  RalB-SMge.— The  qiumti^  of  n 
giTCn  time  is  mesaund  bj  means  of  ui  in: 
puge. 

One  of  the  winpleit  imiitgkngea  eonuBts  ■ 
v^id,  forniihed  vith  »  float ;  the  rata  taSli 
float  iwft  Tlifl  Item  of  the  float  is  ai^cnra 
an  iocnaM  ia  the  depth  of  the  water  ot  on 
iDcfa,  U  eaailf  mcaannd 

Aiioth«T  rain  gauge,  a  Mctioa  of  which  [■  i 
671  eoDUftJ  of  a  evUndrical  e 

|«>TM,  ^.'ehaped  lit. 
:re    in  the  centre,  tbrc 
paM«;  into  the  interior. 
9  bj  eTapontioD.     A 
I    AcareCully  grailuatcd,  ri««a 
TcncL    The  water  rites  ii 
bright  M  in  the  copper  c; 
ts  has  he«i  plated  ia 
&  certain  time,  as  a  n 


SUBSTANOIS  UPON  WHICH  DEW  FALLS.  697 

,  that,  the  higher  the  average  temperature  of  a  country,  the  greater 
will  be  the  amount  of  rain  that  &lls  upon  it.  Local  causes,  how- 
i  ever,  produce  remarkable  departures  from  this  rule.  In  the  trop- 
i  ics  the  average  yearly  fidl  is  ninety-flye  inches ;  in  the  temperate 
I      zone  it  is  thirty-five  inches. 

Regions  without  rain  are  not  nnfreqneot  In  Egypt,  it  scarcely 
ever  raiD&  Along  the  coast  of  Pern,  is  a  long  strip  of  land  npon 
which  no  rain  ever  desceods.  A  similar  destitution  of  rain  occurs 
on  the  coast  of  Africa  and  some  parts  of  North  America ;  the  inter- 
vals between  the  showers  being  Al  or  seven  years^ 

In  Qniana  it  rains  during  a  great  part  of  the  year;  this  is  also  the 
ease,  according  to  Davison,  at  the  straits  of  Magellan.  In  the  Island 
of  Ghiloe,  (8.  lat  48^j  there  is  a  proverbial  saying,  that  it  rains  six 
days  of  the  week,  and  is  cloudy  on  the  seventh. 

1078.  DajTs  of  rain. — ^The  rainy  days  are  more  numerous  in 
high  than  in  low  latitudes,  as  is  seen  in  the  following  table,  al- 
though the  annual  amount  of  rain  which  fidls  is  smaller.  Con- 
sequently, the  ordinary  rains  of  the  tropical  regions  are  more 
powerful  than  those  of  the  temperate  regions. 

N.  latitude.  Mean  annual  number  of  rainy  days. 

From  12'  to  48*  78. 

"    48*  "  46*  108. 

"    46*  "  60'  184. 

"    50'  "   W  161. 

In  the  northern  part  of  the  United  States  there  are,  on  the 
average,  about  184  rainy  days  in  the  year ;  in  the  southern  part, 
about  108. 

1074.  Annual  depth  of  raUu —  The  greatest  annual  depth  of 
rain  occurs  at  San  Luis,  Maranham,  280  inches ;  the  next  in  order 
are  Vera  Cruz,  S78 ;  Grenada,  126 ;  Gape  Franpois,  120 ;  Cal- 
cutta, 81 ;  Rome,  89 ;  London,  25 ;  Uttenberg,  12-5.  In  our 
country,  the  average  annual  fall  is  89*28  inches ;  at  Hanover, 
N.  U.,  88 ;  New  York  state,  86 ;  Ohio,  86 ;  Missouri,  88-265. 

1075.  Deiw  is  the  moisture  of  the  air  condensed  by  coming  in 
contact  with  bodies  cooler  than  itselC  The  temperatore  at  which 
this  deposition  of  moisture  commences,  is  called  the  dew  point 
(626.)    The  dew  point  varies  according  to  the  hygrometric  state 

1072.  What  Is  said  of  the  distribution  of  rain  in  several  plaees  T 
1078.  What  is  the  mean  annual  number  of  rains  asqnoted  f  1074. 
What  is  the  average  annual  depth  of  rain  1  1075.  Wnai  k  dew,  «H 
the  dew  point  ? 
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n'  ats  fc=L.>?T.h«ire:  l«cing  nearer  the  temperature  of  tl;e  li:  ■ 
jsi-y^  -.•>-.:;■:::>  th?  4:r  is  saturated  with  ranisiuro.     Ir.  •■  . 
r.'AJ'i    .:.  SLiLT.'iT.  ::.i    ivw  p»:.ir:t  i>  often  0""  or  r.-.orv  '■  ■.. 
■*^ni:.:--tr.r':  .-:  :i;  t:=:::.>r>.ijv.      In  Iiiiiia.  it  ha>  i.Avn  k:.  - 

_  -  "'•  ^iMW  31  dew. — Dr.  Well?,  an  Amtrio&n.  rr-ii/; 
:2;^a^»i.  j:-:«rn::r.ei  1  t  h:s  Te>earrhe#  the  cau>e  «.f  -icw.  I: :^ 
:*  r  ".-  :ru'fT  ^s  f.-ll.-ws:  Ihiring  the  -iav.  the  ^urfs-.v  :  •: 
«K-a  :t?.Mr.>»  bi»:<-£  Vv  ibe  sun.  and  the  air  is  war=.ei  '; 
T-fts-i  :^^  sur  c.x*  3:wt^  the  earth  continiaes  to  raiire  L 
^Ukiui:  Tvrsc-.:^-  irj  ir  rvnirri.  and  thu>  it.<  temperature  Lr.: 
s>«s.  Trt:  fcr  i.iiej  ::s  beat  mcT*  slowlv.  and  i>  cw-lw  ■•_ 
^^«  v.  -.Ta«f  =L  .-.-.r.iars  ^Ith  ti^  coc.]er  ckrth.  If  tb:*  c-".: 
-<w.--»t^  .-••.'  >.▼  T*.-..r:  X  ;be  air,  moisturv  is  condenH>i  ir  - 
-.'.-r.     .  'i-.-jJ   2r.■lp^  i:t*:c  c:Ci  c-bjecc&.   igood  eoaduct*^:^ 
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^  COLOBU)  SHOWS. 

**  will  r^der  the  phenomena  of  dew  uid  frost  d 


1080.  Snow  is  the  frozen  moitbire  thftt  deaoendB  from  the  At- 
mosphere, when  the  tempersture  of  the  .air  st  the  sur&ce  of  the 
earth  is  oesr,  or  below,  the  freeitng  point.  The  Isrgmt  flakes  of 
BDow  are  produced  when  the  atmosphere  is  loaded  with  moisture, 
and  the  temperature  of  the  air  is  about  32° ;  as  the  cold  in- 
creues,  the  fialces  become  smaller. 

The  bnlk  of  recentl;  fallsn  snow  U  ten  or  twelve  times  gnttw  thaa 
that  of  Uie  water  obtained  troDl  it.  Snow  fl«k«  are  oryitali  of  Ta> 
riooa  forma  Scoreabj  hm  enuniei-atrd  bii  hundred  form*,  and  Sg. 
nred  nlnaty-aiz.  Eaemti  hia  met  with  at  least  tvgaty  fonna  not 
figured  bj  8eor«aby.  Cr;«tal>  of 
anowarenotMjlid,  eUe  tliey  wooH  F 
be  traniparent  ai  ic« ;  thejr  oontai  r' 
i^r.  It  is  from  the  reflection  <<i 
light  from  the  asMnoblage  of  crj .  I 
tals,  that  Its  brilliant  wbitsneu  1- 
dne.  Bnow  eryttal*  are  prodoee'i 
with  moat  regolarit;  during  ealin 
weather,  withont  fug.  Fig.  676 
reprncntji  a  few  of  the  beautiful  forms  SMnmed  by  snow  crystals. 

1081.  Colored  snowi.— Captain  Ross,  in  1819,  discovered  a 
crimson  snow  clothing  the  sides  of  the  mountains  at  Baffin's 
Bay.  Raymond  has  observed  it  on  the  Pyr^n^es;  it  has  also 
been  seen  on  the  Italian  Alps  and  Appenines.  Certain  French 
meteorologists  at  Spitzbei^n,  in  1838,  passed  overs  fletd  covered 
with  snow,  which  appeared  of  a  green  hue  whenever  pressed 
upon  by  the  foot     These  hues,  it  has  been  found,  are  owing  to 

BzpUin  the  diagram,  fi 


OTdBOog  te  Oik  paid  degTM  of  cold. 

Tlail-vtomi  iremMt  frequ^Dt  Jd  tampon 
oeeur  id  tli«  Iropicr,  except  Dear  high  oi-.u 
■boT«  Ihr  now  line.  It  ii  in  great  pan  i 
ihe  holint  part  of  the  daj-,  that  h»il  UU, 
■t  nijchi,  H^l-rtoae*  ant  often  of  eonridt 
freqnimtly  an  abrogation  of  wveral  frozen 
tain  :  it  wean  only  in  eold  veather ;  it  fa 
when  die  v«alher  is  variable 
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^APPIARAMCB  or  AURORAS.  fOl 

*  produced  througiiout  the  life  ot  the  pUnt     4th,  tambuHum. — 

*  During  the  combustion  of  any  substance,  posithre  electricity 

*  escapes  from  it,  while  the  substance  itself  is  negatiyely  elec- 
'  trifled.  6th.  Friction^  it  has  already  been  shown  is  the  most 
■  common  cause  of  static  electricity.  Most  probably,  when  large 
'  Tolumes  of  air  encounter  each  otiier,  electricity  is  developed  by 
>  this  cause,  especially  when  the  masses  differ  in  humidity  and 
I  tempera^ire. 

1084w  Anioctt  borMlii. — ^Under  this  name  are  comprised  the 
luminous  phenomena  seen  in  the  northern  sky,  though  occasion- 
ally they  haTO  been  obaerred  also  in  the  neighborhood  of  the 
■outh  pole ;  they  are  there  called  aurora  au$traliM,  They  present, 
when  in  ftiU  display,  a  spaeteele  of  surpaasing  Render  and 
baanfy.  The  cause  of  the  aurora  borealis  is  yet  involTed  in  ob- 
•curi^.  Althou^  it  is,  eridently ,  intimately  cooDected  with  mag- 
netic electricity,  it  is  impossible  to  say  what  this  connection  is. 
(896.)  It  has  been  ascribed  to  the  passage  of  electrical  currents 
through  the  upper  regions  of  the  atmosphere,  the  dilliBrent  colors 
being  numifested  by  the  passage  of  the  electricify  through  air  of 
different  densities.  (104L) 

1085.  Appearinoe  of  amoras. — ^Before  the  aurora  appears, 
the  sky  in  the  northern  hemisphere  assumes  a  darkish  hue, 
which  gradually  deepens,  until  a  drcnlar  segment  of  greater  or 
less  size  is  formed.  This  dark  segment  is  bounded  by  a  luminous 
arc,  of  a  brilliant  white  color,  i4>proaching  to  blue. 

The  lower  edge  of  this  are  is  elearly  defined ;  ite  upper  edge  grad- 
ually blende  with  the  sky.  When  this  luminous  are  is  formed,  it 
frequently  remains  Tislble  for  hours,  but  Is  always  in  perpetual  mo- 
tion. It  rises  and  falls,  and  breaks  in  Tarious  plaees^  Clouds  of 
light  are  suddenly  disengaged,  separating  into  rays,  which  stream  up- 
wards like  tongues  of  fire,  moTing  backwards  and  forwarda  When 
the  luminous  rays  are  numerous,  and  their  palpitating  lights  pass  to  the 
lenith,  they  form  a  brilliant  mass  of  light,  called  the  emromm  or  crown, 
whose  centre  is  the  point  towards  which  the  dipping  needle  at  the 
place  is  directed.  The  aurora  is  then  seen  in  its  greatest  splendor ;  the 
tky  resembles  a  fiery  dome,  supported  by  waving  columns  of  different 
colora  When  the  rays  are  darted  Icm  visibly,  the  aurora  soon  dis- 
appears, the  lights  momentarily  increase,  then  diminish,  and  finally 
disappear.  It  is  asserted  that  sounds,  like  the  rustling  of  silk,  often 
accompany  the  dii^play  of  auroras,  but  this  is  extremely  problemat- 

1084  What  Is  said  of  the  aurora  t  108A.  What  appearances 
precede  the  aurora  f  Describa  the  aurora.  1086.  What  is  Ihslr 
extent  and  height  1    What  U  said  of  that  of  Novembtft  IMi  * 
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I  1087.  FreqiMnoy  of  mxrontu — Auroras  are  more  frequently 
r  seen  in  winter  than  in  summer ;  but  this  circumstance  does  not 
indicate  that  during  the  former  season  there  are  actually  a  greater 
number,  for  the  increased  length  of  night  would  render  a  greater 
number  visible,  even  if  the j  were  equally  distributed  throughout 
the  year.  About  the  period  of  the  equinoxes  they  appear  to  be 
more  frequent  than  at  other  times. 

In  addition  to  the  annual  period,  there  appears  to  be  another,  a 
secular  period,  extending  through  a  number  of  years.  One  of  these 
periods  was  comprised  between  1717  and  1790  ;  its  maximum  was  ob- 
tained in  1762.  An  increase  in  the  frequency  of  auroras  began  again 
in  1820.  Prof.  Olmsted,  in  an  important  paper  on  this  subject,  in 
the  Contrib.  of  Smitbson.  Inst  toI.  8,  fixes  one  of  these  secular  pe- 
riods between  August  27,  1827,  and  November,  1848,  or  a  little 
later.  The  number  of  auroras,  observed  for  a  period  of  twelve  years, 
at  New  Haven,  by  Mr.  K  C.  Herrick,  is  given  in  the  following  table. 


Number  of  iianirM.   | 

From  Alay  1888  to  May  1889, 

85 

"   1889  "  "  1840, 

86 

u      1840  "  "  1841, 

86 

"   1841  "  "  1842. 

21 

u      1842  "  «.  1843, 

7 

"   1843  "  "  1844, 

7 

u      1844  ..  ..  1845^ 

12 

"   1845  "  "  1846, 

20 

"   1846   Dec  1847, 

44 

January  1848    *'   1848, 

45 

1849    '•   1849, 

17 

1088.  Distorbanoe  of  the  magnetic  needle. — During  an  auro- 
ral display,  the  compass  needle  is  often  much  disturbed.  (885.) 
Sometimes  it  is  deviated  several  minutes,  or  degrees,  to  the  east; 
then  it  is  agitated  and  returns. 

The  oscillations  of  the  needle  are  as  variable  as  the  aurora ;  when 
the  arch  is  quiet,  the  needle  is  motionless;  its  disturbance  com- 
menccA  when  the  streamers  begin  to  fly.  During  the  aurora  of  No- 
vember 14th,  1837,  the  entire  range  of  the  needle  was  ol>servcd  by 
Messrfl^  Herrick  and  llailc  to  be  nearly  6**.  According  to  Wilkc,  the 
position  of  the  dipping  needle  is  as  variable  as  the  compass  needle; 
tlie  former  rising  and  falling  with  the  corona. 

108V).  Lightning. — It  has  already  been  stated,  that  air  sub- 
jected to  compression,  emits  a  s|>ark ;  the  production  of  light- 


1088.  Uow  do  they  affeetthe  ntedlet 
lightning  f 
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^         Volcamk  Ugkinmg.^'Th^  clouds  of  diut^  aahee,  and  vapor,  that 
I     iMue  from  aetiTe  yoleanoos,  are  often  the  eeene  of  terrific  lightning 
I     and  thunder.    Volcanic  lightning  is  probably  caused  by  rapid  con- 
densation of  the  vast  Tolumes'of  heated  vapor  thrown  into  the  air. 

I  The  rapidity  of  lightning  of  the  first  two  classes  is  probably 
not  less  than  two  hundred  and  fifty  thousand  miles  per  second. 
Arago  has  demonstrated  that  the  duration  of  a  flash  of  lightning 
does  not  exceed  the  millionth  part  of  a  second.  The  waving 
trees  illuminated  at  night  by  a  single  flash  of  lightning  during  a 
storm,  appear  motionless ;  the  duration  of  the  flash  is  so  short, 
that,  during  its  continuance,  the  trees  have  not  sensibly  moved. 

1091.  Rfltozn  strolMi — When  a  highly  charged  thunder  cloud 
approaches  the  earth,  it  induces  the  opposite  kind  of  electricity 
upon  the  ground  below,  and  repels  that  of  the  same  kind.  If 
the  cloud  is  extended,  and  comes  within  striking  distance  of  the 
esrth,  or  of  another  cloud,  a  flash  at  one  extremity  is  often  fol* 
lowed  by  a  flash  at  the  other.  This  latter  is  called  the  return 
stroke,  and  sometimes  is  of  such  violence  as  to  prove  fatal,  even 
at  a  distance  of  several  miles  firom  the  point  of  the  first  discharge. 

1092.  Thmider. — As  lightning  passes  through  the  air  with 
amazing  velocity,  it  leaves  void  a  space  behind  it,  into  which  the 
air  rushes  with  a  loud  report ;  this  is  thunder. 

The  rolling  of  thunder  is  generally  ascribed  to  the  reverberation 
of  the  sound  from  clouds  and  ac^acont  mountains.  It  is  also  con- 
sidered that  as  the  lightning  darts  to  a  great  distance  with  immense 
velocity,  that  thunder  must  be  produced  at  every  point  along  its 
course,  and  the  sounds  not  reaching  the  ear  at  the  same  time  that 
elapses  between  lightning  and  its  thunder,  we  are  enabled  to  calcu- 
late the  distance  of  the  former.  Sound  travels  at  the  rate  of  eleven 
hundred  and  eighteen  feet  per  second.  If  the  thunder  reaches  our 
ear  five  seconds  after  the  fl!ash,  the  distance  is  about  a  mile. 

1098.  Thimd«r  storms  are  most  firequent  and  violent  in  the 
torrid  zone.  They  decrease  in  frequency  towards  either  pole. 
Thunder  storms  are  more  frequent  in  the  summer  than  in  the 
winter  months,  and  after  mid-day  than  in  the  morning.  They  are 
produced  in  the  same  manner  as  ordinary  storms ;  but  they  differ 
from  the  last  in  the  rapidity  and  extent  of  the  condensation  of 
the  atmospheric  vapor,  and  in  the  accumulation  of  electricity. 
Thunder  storms  are  usually  attended  by  an  alteration  in  the  di- 

1091.  What  U  the  return  stroke  f  1092.  What  k  said  of  thunder  f 
1098.  What  U  said  of  thunder  storms  t  1094.  What  UiftldoCUi^ 
ning  rods  f 
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Page  9,  line  4,  for  "not  flaid/'  read,  not  void. 
Page  15,  last  line,  for  "  is  electricity  T  read,  is  elasticity? 
Page  21,  line  16,  for  eriform,  read,  aeriform.    This  misprint  occurs 
also  on  pages  198»  and  S71. 

Page  101,  last  line,  for  »=^  |-=;y4^V  read,  v=2g]-z=^ig9. 

Page  106,  line  18,  for  "  ;  that  is,  a  c,"  read,  ;  that  is,  a  t. 

Page  181,  line  22,  for  "  P  X  AF  BF  CF  =  W DF  CF  BF,*'  read 
P  X  AF  X  BF  X  CF'  =1  W  X  DF'  x  CF  x  BF. 

Page  202,  line  1,  for  "  Mad^ebnrgh,**  read,  Magdeburg. 

Page  267,  line  7,  for  **  altitude  of  the  wave,"  read,  amplitude  of 
the  wave. 

Page  262,  line  26,  for  "  again  hi  e  p  T  read,  agun  at  C. 

PAge  279,  line  23,  for  "of  continuous  vibration,  rapid  and  isochro- 
nous,** read,  equal  atmospheric  vibrationsu 

Page  279,  line  24,  for  "a  prolonged  sensation,'*  read,  an  unvarying 
sensation. 

Page  279,  line  88  and  84,  for  "in  order  to  produce  them  there  must 
be  quick  vibraUons,  which  are,"  read,  although  the  wave  may  be 
slow,  it  is. 

Page  288,  line  6,  for  "  211,**  read  218^ 

Paffe  284,  line  88,  for  "  between  the  sounds,**  read,  between  five 
•ounosi 

Page  286,  line  6,  for  "  between  all  notes,'*  read,  between  five  notes. 

Page  286,  line  81,  for  "  or  |,  read,  or  |. 

Page  298,  line  17,  for  "  ,rf  rf,**  read,  ,.a  a 

Page  804,  line  88,  for*'Rumford  (1806),  read  Rumford  (1798.) 

Page  810,  line  81,  for  "  ,  and  90  x  82,  read,  and  90  +  32 

Page  829,  6th  line  of  questions,  for  "  sometimes  used,"  read,  some- 
times  deranged  by  heat. 

Page  «86.  11th  line  of  table,  for  "  812',''  read,  212*. 

Page  840,  4th  line  for  "  T  =  (1  X,"  read,  T  =  1  +. 

Page  840,  line  10th,  for  =7^.+^,   rea^,  =^>^^ 

T     P*  T    P' 

Page  841,  line  10th,  for  ^+p-.  read,  j^X-^. 

Page  868,  line  20th,  for  "  arithmetical  progression,"  read,  geo- 
metrical progression. 

Page  874,  line  28,  for  "  of  180'  and  146'  F.,  read,  "  of—  ISO*  and 
— 148'  F. 

Page  896,  line  11,  for  "  Liebeg's,"  read.  Lieb!||fa 

Page  414,  line  17,  for  "  Otto  and  Gueriok's^"  —  " 
rick's. 
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Aberration  ohromAtio,  777 ;  of  g-lasa 

ooTer  coireoted,  818. 
Abeolate  strength,  100 ;  table  of,  100. 
Absorbent  power,  oaoeee  which  mo- 

cUfy,  680. 
Absorption  of  gases  by  solids,  858; 

phenomena  of,  in  {^ants  and  an- 

mials,  808. 
Absorptive  power  for  heat,  678 ;  table 

Achromatism,  778.    Aooastics,  416. 

Adaptation  of  power  to  weight,  196. 

Adhesion,  84,  examples  of,  of  solids, 
104. 

Aerial  perspective,  791. 

Affinity,  chemical,  86. 

Air,  eznansive  force  of,  816 ;  humid- 
itr  o^  1064;  impenetrabilitj  of, 
814;  inertia  of,  816;  pump,  864; 
weight  of,  817. 

AJemDics,  64S. 

Amalgam,  984:  amalgamation,  971. 

Amorphism,  90. 

Ampere's  electro-magnetic  discove- 
ries, 1014. 

Analogy  between  light  and  heat, 
691. 

Analysis  of  colors,  769;  of  colors  by 
absorption,  771 ;  of  motion  of  cent- 
ral forces,  176. 

Anemometers,  1062. 

Aneroid  bMt>meter,  888. 

Angle  of  elevation,  174;  optic,  789; 
vTsual,  788. 

Animal  electricity,  1046. 


Apertare,  angular,  890. 

Appearance  of  liquid  surface  duringl    Daniell's, 

dlscham,  879.  SmaeV,  t.,  ,   n,».^^. 

Applications  of  diathermacy  of  bo-     per,  976 ;  Trough,  978. 

oUs,  689 ;  laws  of  fiUlii^  bodies,  Baume's  hydrometer,  268. 

166 ;  laws  of  gravitation  to  astron-  Beating,  469. 


Archimedes  principle,  267. 

Areometers,  Baume's,  268 ;  Nichol- 
son's, 264. 

Artesian  wells,  261. 

AsUtio  needle,  882. 

Atlantic  cable,  1082. 

Atmosphere,  Imiits  of,  818. 

Atmospheric  air,  812;  air  type  of 
gases,  818 ;  magnetism,  896 ;  pres- 
sure, 819 ;  pressura,  measura  of, 
820 ;  pressure  on  human  body^  821. 

Atoms,  10,  form  of,  11,  magmtude 
of,  12 ;  weight  of^  16. 

Attraction,  relation  between  and  re- 
pulsion, 89. 

Atwood*B  maohine|167. 

Aurora  borealis,  1084. 

Babbage*s  ftiction  eiperiments,  227. 

Back-ground,  786. 

Balance,  hydrostatio,  267. 

Ballistic  curve,  282 ;  pendulum.  181. 

Balloons,  840 ;  construction  ana  flll- 
ing  of,  841. 

Barometer,  Aneroid,  MS ;  apparatus 
illustn^ing  principle  of,  824 ;  Bour- 
don's, 884;  JBunten's,  828 ;  cistern, 
826 ;  construction  of,  822 ;  Fortin's, 
827;  Qay  Lussac*s,  828;  Pascal's 
experiments,  828. 

Barometric  column,  height  of^  at  dif- 
ferent elevations,  826. 

Barometric  height,  causes  of  error  of^ 
880 ;  correction  lor  capillarity,  881 ; 
correction  for  temperature,  882. 

Batteries,  electrical,   947 ;  galvanic, 

972>980  ;  Bunsen's  carbon,  978 ; 

976 ;     Grove's,    877  ; 

974 ;    Sulphate   of  cop- 


186 ;  polarixed  light,  868 ;  ra-  Bellows^  855 ;  continuous  blast,  856. 
heat,  681 :  the  pendulum 


Bianchi's  gas  compr'son  apparat.  651 . 


aa ._  ™,  ^^ . ^«^„..™ 

166 ;  the  screw,  218 ;  the  spheroidal  Blowers,  romaoe,  867. 
•tma,  672 :  the  wedge,  216.  Bohnenbeiger's  macihln»|  180 ;  £le«- 

Aipgo't  original  experunant;  1020.    troeoopa,  979. 
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fomis  of,  60;  positive  and  neg- 
ative. 857. 

Cubical  oxpansion,  524. 

CnrrentA  prodaced  by  ioe,  697. 

Carrents  induced  by  other  currents, 
1034;  ma^ets,  1037. 

Curve,  ballistic,  232. 

Curves,  descent  of  bodies  in,  160 ; 
of  expansion  of  liquids,  541. 

Daniolrs  pyrometer,  518. 

Declination,  883. 

Decrease  in  temperature  of  atmos- 
phere by  elevation,  608. 

Definition  of  electrical  terms,  905. 

De  La  Rivers  floating  current,  1015, 
1018. 

Demonstration  of,  flrst  law  of  elec- 
trical attraction  and  repulsion, 
920;  laws  of  oscillation  of  the 
pendulum,  163 ;  rotation  of  the 
earth,  164 ;  second  law  of  electrical 
attraction  and  repulsion,  921. 

Density,  260 ;  of  gases,  552-553 ;  of 
Uquids.  267-269 :  of  solids,  261- 
266 ;  of  the  earth,  estimation  of, 
141 ;  of  vapors,  667-658. 

Descent  of  bodies  in  carves,  160; 
on  inclined  planes,  159. 

Development  during  crystallization, 
of  heat,  88 ;  of  light,  89. 

Development  of  crystalline  struc- 
ture, 84. 

Dew,  1075  cause  of,  1076 ;  substance 
on  which  fidls,  1077. 

Dew  point,  626. 

Diapason,  460. 

Diamagnetism,  641. 

Diathermaoy  of  bodies,  applications 
of,  589. 

Diathermic  power,  causes  which  mo- 
dify, 587. 

Diflfhiction  of  light,  839. 

Diffusion  of  gases,  348 ;  method  of 
illustration,  349 ;  Uble  of,  350. 

Diffusion  of  motion  requires  time, 
180. 

Dimetric  system,  55  ;"modifled  forms 
of,  63-64. 

Dimorphism,  91 ;  temperature  affect 
ing^92. 

Dipping  needle,  886  3  Biotas,  888. 

Direction  of  crystalline  forces,  77. 

Direction  of  force  of  gravity,  140. 

Disappearance  of  heat  during  lique- 
faction, 607. 

Discharger,  universal,  950. 

Discord,  4566. 

Dispersion,  epipolic,  846. 

Distilktion,  641 ;  fractional,  644. 

Divisibility,  22. 

Double  refraction,  856. 


Draper^s  pyrometer,  51^ 

Draught  reversed,  690. 

Dry  pile  of  Zamboni  and  De  Luc, 
9/9. 

Ductility,  44. 

Du  Fay^s  electrical  theory,  914. 

Dynamical  theory  of  heat,  707 ;  mO' 
tion  of  molecules  by,  708. 

Dynamometers,  182,  183,  184. 

£ar,  478;  external,  479;  internal. 
481 ;  middle,  480 ;  sensibility  of, 
461. 

Earth,  a  common  electrical  reser- 
voir, 911 ;  demonstration  of  ro- 
tation of  the,  164 ;  estimation  of 
the  density  of,  141. 

Earth  circuit,  1027. 

Earth^s  maffnetism,  action  on  dip- 
ping needle  of,  887 ;  inductive 
power  of,  892 ;  origin  of,  896. 

Eohoj  434 :  repeated,  435. 

Elastic  bodies,  impact  of,  132 ;  strik- 
ing elastic  planes,  133. 

Elastic  fluids,  235. 

Elasticity,  26, 45 ;  affected  by  tem- 
perature, 47 ;  oscillation  of;  46. 

Electrical  attraction  and  repulsion, 
908 :  CoulomVs  laws  of,  918 ;  illus- 
tration of,  940 ;  of  light  bodies, 
930. 

Electric  battery,  947. 

Electrical  bells,  940. 

Electrical  currents,  916 ;  paths  and 
velocities  of,  917 ;  retarding  power 
of  batteries,  983 ;  mutual  action  of, 
1015. 

Electrical  condenser,  discharge  of, 
943  \  of  iEpinus,  942. 

Electrical  discharge  in  induction, 
927 ;  laws  of  induction,  928 ;  a  cas- 
cade, 948 ;  eel,  1046  ;  effects,  907 : 
egg,  951 ;  excitement,  sources  of, 
932,  933,  938 ;  hail-storm,  VolU's, 
940 ;  light,  stratiflcatiou  of,  1041 ; 
spark,  color  of,  952. 

Electrical  machines,  oare  and  man- 
anagement  of,  936.  Cathbertson^s, 
935.  Bamsden^s,  935.  Hare's,  935. 
Bitchie's  double  plate,  935 ;  tht 
cylinder,  933 ;  theory  of,  989. 

Electrical,  animals,  1046:  phenom- 
ena, atmospheric,  10e3-i(w3  ;  ten- 
sioQ,  915 ;  terms,  definition  of, 
906  \  theories,  912 ;  wheel,  940. 

Electric  discharge,  effects  of,  955; 
physiological.  956 ;  inflammation 
of  combustibles,  957  ;  mechanical 
effects  of,  960 ;  chemical  effects  of, 
961. 

Electric  sparks,  difference  between 
positive  and  negative,  953. 


Me;rfl^ifh* 


Fogs,  IMT. 
Foot-poond, 
Faroe,  OMrdve,  881 ;  dsAnition  of, 

29  ;  TDrietiu  of  SO. 
Forcei,  compoeiUon  of,  109^  p«u»l- 

lelo^rnm  of,  108 ;   retoluUoD   of, 

llu ;    reanllant    of   nanllel,   11! 

BjBlem  of,  107  ;  transfer  of,  l2». 
Formation  of  vapani  !□  ■  Tacamn,  SSO 
FonnofthsMTth,  118. 
FannaU  for  projectile  fbrce,  1S9. 
FormaUe   to   eompnta  chuigM   In 

Tolnma  of  gewe,  ■ '"  "° 


Franklin's  etectricftl  h^pothede,  tit. 

Franklin's  kite  BSS. 

Freezing  in  red-bot  onicibles,  643 : 
mixtures,  810 ;  of  wster,  819. 

Friction,  Babbwe's  siperimentB  on, 
B97  ;  Coulomb's  »pp«u»tas  for  de- 
termlninfr.  S2S>  SS8  ;  reiolts  of  Con- 
lomVs  eiperinienta  on,  it£S  ;  roll- 
inff,  iU;  iliding,  210;   ituting. 

Frost,  10TB. 
Fnel,  vklno  of,  «ST. 
Fnnuces,  Chllaon'*,   TOt;   hi 

TOS  ;  hot-mter,  701,  TM. 
OkUleo'i  telescope,  SOT. 
Oalleriee,  whiipeimg,  418. 
Gdruiism,  dlsoiveiy  of  MS. 
OiklTuionieter,  1011 ;  (ancenla, 
QalTuio-pkstie  tit,  g»4. 
Gslvsni's  eipsriment,  WS, 
"-' — ■'-  theorj,  9«8. 


»N>,  i:<>udnctibilft7  for  heet  o^ 
Mi  ;  donsitj  of,  882;  diffojion  of 
SiS  ;  eDdoemose  of,  80« ;  o«ape  o( 
oompreesed,  KB ;  eipknslon  of, 
US  ;  Idendtf  of  Tapon  and,  848  ; 
elmjile  and  componnd,  811 :  l»ble 
of  densitim  of,  MS  ;  Ubie  oriique- 
bction  iind  i>o11dia«Ciou  of ,  <l£4  : 
trui«i>irationof,S81. 

Gonoral  laws  of  matlor,  valne  o^  S. 

QUmet,  bnmlng,  8tS ;  mignlfyliig, 

01ntti«.4n, 

Gold's  steam  heating  ipparatna.  TOS. 

Onniometen,  llaBy^i,  T3  ;   Wollw- 


e  of,  lu ;   diractloii  of  the 


force  of,  110 ;  local  vuiatlonH  of. 


Ilalos,  Ml. 

Hsnnonj  448. 

Hare's  <^orimot«r,  >TS  ;  delagrator, 
8TS. 

HaSf 's  goniometer,  Tt. 

ileal,  oommnnication  of,  SM ;  oon- 
duntJon  of  856  ;  deanilloD  of  teniu 
of,  487  J  development  o^  during 
cryetslliiBtion,  88 ;  dynamiiMil  theo- 
ry of,  707  ;  elastic  force  of,  »T  ;  im- 
ponderable, 489  :  latent,  80«  ;  na- 
ture of,  488  ;  taduUon  of,  670 ;  re- 
fleclioD  of,  STB  ;  refraction  of,  6eS ; 
relation  of  force  to.  Tit,  soarcea 
of,  481. T18;  tnnimission  of  ra- 
diant, 6es  ;  what  is,  488. 

Ilelii,  1017  1  maffnetiiiDg  by,  lOW. 

IIeni7'imagiietB,lOSIienn«iita,10SB. 

Hexagonal  STStam,  St ;  modified 
forms  of,  89,  TO. 

— iero's  fbuDtain,  8TT. 

Higli-preaeore  engine,  884. 

High-pressure  stmiD,  W6. 

Horse-power,  «88  ;  machines,  187. 
'  *it^,abeolat«aDdrelative,104S. 


Hjdraulio  n 


,  aT8. 


HydroeUtia  baJanoe,  IST ;  paradox, 

S5t ;  prese,  £54. 
Hygrometera,  1088 ;  August's,  ehem- 

ical,  lOM;  Danieil'e,  1088. 
Hygrosoopea,  1088. 
Hypacmeter,  AM. 
Illumination,  railway,  8tT. 
IllustraUon  of  offecta  of  ccntriAual 

foraea,  17T. 
Imaitea,  distortion  of,  786 ;  tbtoal, 

ifut,  1ST :  of  elastic  bodiee,  US. 
IiiiponetrabiJity,  19  :  of  air,  8' ' 
Inclination  msp,  889, 


Indep^ence  of  light  and  heat,  690. 
Index   of  refraction,  determinatlan 

of,  T5T. 
Indoctton,  8TB :  an  act  of  oontlanoH 

Mnicloa,  9«9 ;  law*  of  eleofrioal, 
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I.00niilig,  843. 
Lord  Emm's  tclMoope,  SlI. 
Lov-preHUre  amrine,  683. 
LuininouH  revs,  leogUi  of,  S88 
Luminoufi  ribntinDK,  oatura  o 

IransmlsiiioD  of,  848. 
■Machine,  191 ;  Alwood's,  157  ;  Boh- 

nenbcrger'*,  180. 
MachineK,  claaBiSoalian  of,  197  ;  eqoi 

libriuiu  of,  19:2 '  tiDrae-potror,  IHT 

utility  of,  198- 


Melody,  MS. 

McD,  strength  of,  1B6. 

UetjiJK,  depoaldon  of,  by  otb«n,  S9iS. 

M«Callic  oxyd»,  depoait  of,  996. 


■^ 


rvea,  B7S ;  equator,  SSS ; 
llfluidii.two,  fl80j  foroe, 
<liof,8Tl;mteIiaitf,S90; 


lem  of  auniUtaneoiu,  S93  ;  phan- 


Munetio  needle,  8S2: 
t^ticj  of,  t<8!  1  vana 
diaturbance    iii    aoi 


iooB  of,  885 ; 
iral    diaplay, 


,G14. 

ficroHcopca,  achrOEnatio  object  glaaa- 
ca  for,  816;  compound,  806  ;  com- 
pound achromatic,  819 :  eyo-pieces 
0^  809  ;  mechanical  airangementd 
ot^  821 ;  Hanpail's  dkaecting,  804; 
nimple,  804;  solitr,  823. 

lirrom,  582 ;  aberration  of,  T53 ;  con- 


784  :  forrns  at  736 ;'  imigea~fomie<I 
by  cineaTe,  7*9 ;  images  formed 
by  plane,  738;  ima^r^  malliplied 
byglaaa,  739;  rsflc^on  by  plane, 
787  ;   nilea  for  conjugate    f&d  of 

748 ;  Bphori<»l  abemHJon  of,  758. 

Ji»la,l(fe7. 

Hapuliam,   atmoopherio,  895;   ao- UodiHed  fomu  of  ciTBtala,  60. 
tion  of,  on  light,  l0£4 ;  by  oontact,  Moiatnre,  capadty  of  air  for,  10S4. 
S78  ;    in    non-fermginDaii  bodies,  Uolecular  attiactiOD,  81 ;  repolaion, 
877  ;  of  aleel  by  aun'i  rays,  908.         88. 
Mafnstii,  8ei>;  anomalooa,  874^  ar- Homantam,  tlS. 

.            by  ele<!tro-magnetiem,'llonodinic    ayitoiD,    67;    modiilad 
^h,  S99;  circunutanooBl     forma  of,  87. 
ue  (if,  898;  oom  pound, '  Monochoni,  4A0. 
uunw -iihoe,    niagnetiim    of/Uonomelric    ayslem,    64;    modifled 
:iatunJ,  eeu:   prodaction  of     forma  of,  81,  62. 
artitjcial,  897 ;  to  deprlTe  of  their  Motion,  114 1  common  not  <Dt«tforulg 
''i  particular,  122;  ooropoaition 
19;  di"—' ' '--  •■■"- 


tSicial,  870 
901;  by  to, 
affecting  vi 


Muuelo  electric  appt-,  1042;  induc- 
tion, 1087. 
Hagta  lantam,  822;  toaglg  aquarea, 

Magnitude,  llniita  of  103. 


,  difltieion 
130 ;  examplea  o: 
120;    ciampii 
121 ;   (gravity 


Suo™  o? 


of,  134;  o(  powar 


,  unifonnly  retarded  or 
oocelenited,  118;  variable,  117 ;  va' 
riationa  ot,  115, 

.avi'mcntordropB  between  laminae, 
29.1. 

enta,4M. 


,  __. ;  with  compreued 

air,  847  ;  with  tteo  air,  8M. 
Harcet'H  apparatUK,  685. 
Usrinor'a  compau,  882. 
Uarintte'a  law,  843;  limits  of,  144;  Uav< 

varlatiinw  from,  (UM.  i     29.- 

Material  boil  lea,  diviKion  of,  8.  Mui-i 

Matter,  8;   eo'ential  prapertio*  of,  Muni 

17;  indcatmrtitMlity  of,  U ;  minnto  Mimic  halls,  442. 

div-iaion    of,  13,14;  non-caavntiai  NaltflTer'H  cipcrimenta  on  naes,ltA6. 

trDpertieauf,21)phyucaliUt«<i  of,  Nature  of  heat,  488;  of  light,  718; 
a.  '    of  liuuiuoua  vibndona,  847. 

Maximum  deniuty  of  water,  S4V;  of  Near-aightcdneaa  TM. 

diiromut  iHilutliiiu,  644.  Needle,  aautic,  882. 

Maxiinuui  It'naiun  of  rapora,  6S1.      INcrreta'a  and  Zatnbn'a  "ft^T^'w 
M«a-iiro  of  time,  167.  I    tfieTmoni-'tcr,  612. 

Meamimrai  Mniam,  ilU.  Kewmmen'a  cnirine,  UO, 

lent  of  heat,  d«-.Newton'a  lawa  uf  tnotloa,  184. 
It ;  Joii]«<a  a^ai-' Newton's  ringa,  887. 
' '  N Lohol'a  aingb  Imioa  piUnk,  SM. 

|KlehDlM>[i'a  aiconeler,  SM. 


71^,714.' 


ventre  of.  _. 
aas-  Uteial 


Kobili'B  nogs,  tK',  Ilodal  figane,!  ^'■'''^'■^^'^ 

887.  pheric,  ha 

Nodiil  lines,  3VS ;  detennmiktioti  of,      by    ooir 

8M  ;  delinention  of,  SM.  -  " ■ 

Nodal  poiutii,  SSS. 

Oblique  penuls  or  Ught  truisiDlUed 

lliron^Ii  leiuea,  TS4. 
ObjmtivM,  !iIT :  Bplanitic  fod  of,  BIT 

componDd,  BIT ;  LisUr's,  SIT. 
ObscrvulioD,  I. 
ObBFaim-cHiDBn,  SU. 
Ocular  inugn,  bngblnen  of,  764. 
CKnted'a     oompivewoo     appaiUna, 

M«i  di»«)very,  1006. 
Ohm'*  la"   of  electrical   retarding 

poitor  of  batMty,  9BS.  ' 

O^cal  ceiiire  of  *  lem,  TSS;  toy*, 

Oplic  ■nttle,  TS! :  uis,  782. 

OpaqoTbodies,  719. 

Or^Uiic  and  inorganic  growth,  SI. 

OrganisHl  beinoa,  growth  of,  iS. 

OrnAn  of  eaith^  munetiMa,  98fi, 

OKilUtion,  <xian  olTlVfl. 

OafaUUiNW  of  dufidtjf ,  M. 

Oione,Ml. 

Pacre'a    etectro-nuMrnetie    RiacLiiM, 

Ii>33  ;  vibralJiiK  unnature,  lOSQ. 
Pupiii'*  (ligKster,  fiSO. 
Purichutu,  3«. 
Panuloi,  culinutj,  fi3S;  hfdroslaCic, 

Parsliel  forces,  rosultaot  of,  Ul-llB. 
PuTullelomuii  of  forces,  103. 
Pascal' i  baronictri?  txperimentB,  32S. 
PuidulQm,  inl ;  applicadons  of,  1«S ; 

biiUiatic,  131;  compenMting,  5M; 

dcmouKtntion   nf  laws  of    ottdl- 

tation  ot  the,  IM;  laws  of  tho  ob- 

dlladun  of  the,  IKl;  rotatioa  oi 

tliB  earth  demondtraUd  by,  164. 
Penambn,  TSS. 

Perkiiu'  hot-TBler  apparatiu,  TM. 
PerapectiTe,  aerial,  791. 
PhaotoHttpe,  797. 
Phenakktoacope,  TST. 
FhilOBopby,  isductire,  I. 
PhnkvrapBT,  8WI. 
Plijiies,  BUhJeclti  of,  *. 
PiloB,  drv,  97» ;  theoiy  of  adion  o(, 


Polarinnc  In^niBieaM,  MS. 

PitlTinoi^uun.  M. 

Poromn,  M;  rclMton  el,  m  wri^ 

•ad  detiidty,  IS. 
Powei,  i»i ;  bon«,  in,  (M :  am, 

18».  ^^ 

Positire  Bxid  iMgatin 

eleouidly,  t^. 
Preaa,  bjdlMBtie,  tM 


Planv,  ini'Uncd,  tO». 
Plujuib  lino  near  mountiOii,  HI . 
inbt,SJ7. 


io  intbottlfli 


r^fhkctia'n,  IWrby  iMt.  !«>  I 
reficttion,  SM;  b»  fifaalr  ■" 
br  f acoeirit«  MOacdoa,  tt 
or«d.  &ei :  BuMik  iMMn 
partial,  f>&S TrnUtonr. 80. 
tHariw-l  Eisbl,a(-"    "  -     " 


w  i  OI  nqoida  dnwiiwai<i*.n>:W 
UQTudtf,  oa  i3(it)t>iu£E^  vwm,  ffl; 
ofliQiud*,  on  walla,  9tt;  tiiMw 
to.  iftl  :  toUe  of  »M«,  Hfi«M 
bottom,  SU ;  nnvwd^  KI. 
■rimmiT  colorv,  TS9. 

_  rienie,  75* ;  KlchoJ'a.  SM. 

Projoctile  forw.  fonnula  for,  IM. 

Pn>]ecti)«a,  Iftg;   time  of  fli^  ^ 


I  bodf  in  a  dinan 


IT*. 
Projectiou  or  a   bodr  in  a  d 

other  than  ve^ticwl,  ITJ :  tntialj 

downvurda,    1S9 :     TttticmSj    n>- 

ward*.  ITO. 
Proof  plane,  VM. 

PacndcHnoTpliisin,  M ; «£  K, 

xapaaad,  30T:   flud,  W; 

PiiiD|M.  STl;   air,   M4;   chain.  K»: 


Tuea'i 


Quantity  aad  inteiUitT,  MB. 
KadianI  heal,  mbeoixi6oa  et,^  m- 
fcront  media,  571 ;  InlcDHnr  <2.S& 


law  of  coolint;  br,  SnTci ^d, 
GTO;  of  hual  nDiTeraal,  074. 

Kainbowa,  S40. 

Ridn,  1070;  annual  depth  o£I«l; 
diatributioii  ot,  1071 ;  TtfiMU  wtt- 


nrDxz. 
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Reflected  Hght,  intenBitv  of,  742.        Seiuiibility  of  ear,  461 ;  of  thennome- 

Beflectmg  telescope,  810.  tem,  504. 

Beflecdon  of  heat,  576 ;  liffht,  725 ;  Separation  of  salts  by  orystallizatioxi, 

internal,  727 ;  irregular,  743 ;  total,:    85. 

728.  Shadow,  acoustic^  480. 

Beflective   power   for  heat,    oauscsiShape  m   crystalline  molecules,  76. 

which  modify  580 ;  detormination|Sine  oom|)ass,  1012. 

of,  577.  |Single  vision  with  two  eyes,  792. 

Reflectors.  582 :  convex,  748 ;  imagee|Siren,  440. 

repeated  bv  inclined,  740.  Sliding  fHction,  220. 

Refraction  or  light,  725;  atmospheric, 'Smoky  chimneys,  690. 

842;  by  prisms,  756;  determination  Snow,  1080;  colored,  1081;  limit  of 

of  index  of,  757  ;  double,  856.         |     peipetual,  1058. 
RefVifferators,  697.  .Soda-water  apparatus,  648. 

BeguLu'  figures,  centre  of  gravity  of.  Solar  microscopes,  828. 

144.  jSolid  bodies,  49. 

Relation  of  power  to  weight,  194.       Solenoid.  1017. 
Repulsion     molecular,   86;  relation  Solid  carbonic  acid,  652. 

between  attraction  and,  89.  Solidification,  change  of  volume  dnr- 

Resistanoe,  219 ;  to  pressure.  101.  ing^  617 ;  elevation  of  tempenture 

Resolution  offerees,  110;  or  motion,     during,  616 ;  laws  of,  615. 

119 ;  of  motion,  examples  of,  121 ;  Solids,  equilibrium  of,  supported  on 

of  vibrotionSf  850.  an  axis,  147 ;  supporteu  on  a  hori- 

Respiration,  products  of,  691.  zontal  surface,  148. 

Retina,  duration  of  impressions  on.  Solids,  symmetiy  of,  50. 

796.  Solution,  614. 


Retorts,  648.  Return  stroke,  1091. 

Revolution  about  an  axis,  178. 

Reynier*8  dynamometer,  184. 

Rheostat,  1018. 

Ritchie's  double  plate  machine,  986 ; 
Ruhmkorff's  coil,  1140. 

Roffet^s  vibrating  spiral,  1015. 

Rolling  friction,  224;  CoulomVs  ap- 
paratus for,  225. 

Ropes,  rigidity  of,  219. 

Rosse's  telescope,  812. 

Rotascope,  181. 

Rotation  of  the  earth  demonstrated 
by  the  pendulum,  164. 


Sonometer,  450. 

Sonorous  vibrations  in  tubes,  462; 
waves,  length  of,  458. 

Sound,  417  ;  calculation  of  distanoea 
by,  426;  distance,  is  propwated, 
482 ;  distance,  is  propagated  m  air ; 
423 ;  distance,  is  propagated  in 
gases,  425 ;  intensity  of|  4£i  *  New- 
ton's formula  for  velocity  of^  in  air, 
424;  reflection  of^  433;  rcfpMrtion 
of^  in  mixed  media,  431 ;  velocity 
of,  in  air,  428;  velocity  of,  in 
gases,  425^  in  liquids,  427 ;  velocity 
of,  in  sohds,  428. 


Rules  for  determining  foci  of  lenses.  Sounding  bodies  are  in  vibration,  418* 
762.  iSounds,  interference  of,  429 ;  musioal 

RnhmkoriT's  coil,  1040;  effects  of, 


1041. 

Rumford's  thermoscope,  5l6. 

Rutherford's  masdmnm  and  minim- 
um thermometer,  611. 

Safety  tubes,  879. 

Saturated  space,  621. 

Saturation,  614. 

Saturn,  tree  of,  995. 

Savart's  toothed  wheel,  441. 

Savaiy's  engine,  679. 

Saxton's  deep  sea  thermometer,  516 ; 


qualities  of,  443 :  not  j>ropagated 
in  a  vacuum,  419 ;  of  mferior  an- 
imals, 475-477 ;  propagated  in  elas- 
tic bodies,  420. 

Sources  of  atmospheric  electricity, 
1083;  of  electricity,  lOtt;  of  heat, 
491. 

Spaces  described  by  falling  bodies, 
158. 

SpeiUdng  tabes,  487. 

Specific  gravity  bottiea,  S66. 

Specific  gravity  of  giaea,  detennln*- 


refiecting  pyrometer,  520.  {    tion  of  the,  552 ;  laUe  of  the,  668. 

Scale,  chrcmiaQO,  458;  musioal,  449.  Specific  mvity  of  liquids,  determined 


Scales.  201. 

Sdntillatii^^  tobe,  954. 

Screw,  216 :  applications  of,  218 ;  Ar^ 
chimedea*,  869 ;  meohankAl  efficien- 
cy of  the,  217. 


by  flasks,  269 ;  by  areometers,  26«. 
Specifle  oravity  of  solids,  determined 
by  bfJanoe,  267;  dettnnined  by 
&  flask,M6;  dscermlned  by  Nioh- 
olion'B    areooMCir,  864;   liesTier 
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}rationB  of  mag. 


.no. 


the  waters  of  the  globe,  410 ;  ori- 
gin  of,  8S0;  phaucff  of,  884;  pro- 
gre8f»ive,  JJsl ;  protrre«wive  iu  li- 
r^uidi^,  401. 

Uiiif«»mily  nooclenited  and  retarded 
motiunl  lis. 

Uniffon,  447. 

Unorganized  hcings,  growth  of,  62. 

ITtility  of  nmchini's,  li*3. 

Vacuum  limited,  3t)6 ;  pan8,  683. 

Value  of  fuel,  687. 

Vaporization,  61  i»,  709 ;  temperature 
and  limitfi  of,  624. 

Vapor,  quantity  of,  given  oflf  by  the 
tlio  body,  692. 

Vapors,  lii^uefaction  of,  640 ;  maxim- 
um tension  of,  621. 

Variable  motion,  117. 

Variation  chart,  RS4 ;  magnetic,  888. 

Variations  of  motion,  ll.*). 

Veins,  constitution  of,  277 ;  contrac- 
tions of,  278. 

Velocity.  116  125 ;  of  falUng  bodies, 
i:)2 ;  of  light,  723, 888 ;  relation  of, 
to  quantity  of  matter,  124. 

'Ventilating  shaft,  StoneV,  696. 

Ventilation  of  buildings,  695 ;  quan- 
tity of  sir  rcouired  for,  698 ;  sup- 
ply of  fre»h  air  for,  699. 

Ventilators,  Emerson's,  698. 

Vontrilofpiinm,  474. 

Vibrations  corres])onding  to  notes, 
451, 452 ;  fonns  of,  SmT  ;  isochron- 
ous, 383 ;  of  air  in  tulu's,  laws  of, 
467 ;  of  air  in  tuln-s,  rt'*«ults  of 
ex]H«rimcnts,  468;  of  cohIh,  3K8; 
of  cords,  laws  of,  3>>9 ;  c»f  elastic 
plates,  892 ;  of  menihranos,  3HM ; 
of  planes,  laws  of,  3'.>.'> ;  of  rods, 
3<.»0  ;  of  wilidit,  386  ;  patliH  of,  3Jtl. 
;  influence  of  Virtual  vol<H."ilies,  prinoij^lfM  of,  11K>. 
rtirco  on  the,  Vision,  c<»nditions  of  distinct,  785 ; 
diptanc(>  of  distinct,  788;  double, 
793 ;  dinfflv  with  two  eyes,  792. 

Vidual  anffie,  788 ;  impressions,  time 
reqniri>u    to   produce,   79K;    rays 
nearly  parallel,  789. 
•Vis- vivo,  12><. 
;  modified  f«>rms;  Vitreous  and  resinous  electricity,  909. 
JVoohI  appamtus  of  man,  4<>i(. 

Voice,  469 ;  mechanism  of,  472 ;  range 
of  human,  473. 
4S9  ;    speaking.  Volume  of  bo<lies.  change  in  the,  710. 

Voltaic  action,  chemical  thtf^iy  nf, 
1001 ;  arch,  heat  of,  98s ;  tvmtaK 
theory  of,  10<h);  polarization  and 
tmnsicr  of  elernvntii  in,  10(4. 

Voltaic  circle,  ditTereneo  between 
simple  and  compound,  969, 981. 

Voltau:  oouple,  simple,  969. 

Vollate  enrnnt,  direction  of,  depends 


1014. 
L-,  .vjl. 
toni*!*,  5 

iiir,  Til '7  ;  Breg- 
i:>;  fillinjr,  4l»5: 
lint!*  of,  l«,i7 ;  gra- 

history  of,  5<.»H; 
Iii-<1  by,  41*3  ;  Lcs- 
Oy ;  liniits  of  mer- 
tutio,  514 ;  monnt- 
?tti  and  Zanibru*s 
tuthorford*s  max. 
axton*s  deep  sea, 
;  504 ;  spirit,  506 : 
^alfcrden^s  mox- 

les,  498:  convei^ 
into  each  other, 

TOS,  1093. 

i  add  appomtiiB, 


67. 

'art*^  441. 

,  273 ;  deductions 
820. 

meter,  919. 
rk,  208. 
18. 
719. 
linouB  vibrations, 

diant  heat,  583 


naturtf 
«5; 
source 

719. 
MiS,  351. 
,102. 
ipported 


of  the 


on   Its 


r ;  vibrations  in, 


If,  400;   of  air, 
of  air,  413;  of 


Voltoio  pile  

"il'tu  of,  103  i  mteusitj-  and  velo^J  '■  "'  ^- 
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